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SUMMARY 


A.  OBJECTIVE 

This  study  presents  the  results  of  volatile  organic  compound  (VOC)  and 
particulate  emission  surveys  performed  at  three  Air  Force  painting 
facilities.  The  three  facilities  --  one  in  McClellan  AFB  building  655  and 
two  at  Travis  AFB  in  buildings  550  and  1014  --  did  not  meet  local  YOC 
emission  standards.  This  report  discusses  the  possibility  of  reducing  these 
emissions  with  recirculation  modifications  and  various  VOC  reduction  and 
control  strategies. 

Although  VOC  emissions  from  paint  spray  booths  can  be  controlled  by 
add-on  control  systems,  control  is  expensive  for  present  air  flow  rates.  The 
use  of  air  recirculation  within  the  spray  booth  can  reduce  the  cost  of  VOC 
emission  controls  by  reducing  the  quantity  of  air  which  requires  processing. 
Recirculation  systems  were  designed  for  two  of  the  painting  facilities 
included  in  this  study.  In  designing  the  systems,  various  criteria  such  as 
paint  booth  VOC  concentrations  and  health  and  safety  standards  were 
considered.  Add-on  VOC  emission  control  systems  which  can  be  used  in 
conjunction  with  the  recirculation  system  are  evaluated  in  this  study.  The 
devices  of  interest  are  a  solvent  incineration  system  and  an  activated  carbon 
adsorption  bed.  The  VOC  removal  efficiency,  initial  capital  investment  and 
operating  costs  for  both  of  these  technologies  are  discussed. 
i  ■-  '-—-Jr.,.  h~.)  Coi  6  I  '•  ‘  0 

B.  BACKGROUND 

The  Air  Force  uses  a  number  of  solvents  and  solvent-based  coatings  in 
many  routine  operations  that  are  required  to  maintain  aircraft-related 
equipment.  Specific  activities  which  result  in  the  emission  of  large 
quantities  of  VOCs  include  metal  cleaning,  painting,  paint  removal,  fuel 
storage  and  transfer,  and  industrial  waste  treatment.  As  a  result  of  these 
operations,  significant  quantities  of  VOCs  are  released  into  the  atmosphere. 
For  this  reason.  Air  Force  operations  comprise  one  of  the  VOC  source 
categories  regulated  by  the  Clean  Air  Act  and  state  and  local  laws. 

Solvent-based  epoxy  primers  and  solvent-based  polyurethane  topcoats  are 
normally  used  by  the  Air  Force  for  painting  aircraft.  Methylethyl  ketone. 
Isopropyl  alcohol,  toluene,  lacquer  thinner,  and  aliphatic  polyurethane 
thinner  are  the  solvents  generally  involved  in  painting.  Currently  the 
solvents,  primers,  coatings  for  corrosion  control  and  aerospace  topcoats  used 
by  the  Air  Force  exceed  VOC  emission  limits  established  by  both  federal  and 
state  laws.  The  statutory  deadline  to  comply  with  both  state  and  federal 
laws  is  December  31,  1987. 

The  study  of  VOC  and  particulate  emissions  and  possible  reduction 
strategies  at  the  three  Air  Force  pa  inti ny  facilities  took  place  between  June 
and  September,  1987.  Painting  operations  at  McClellan  AFB  in  Building  655 
were  observed  between  June  1  and  June  5.  Painting  operations  at  Travis  AFB 
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PROJECT  DESCRIPTION 


The  project  was  conducted  in  two  steps.  Step  1  involved  characterizing 
the  VOC  and  particulate  emissions  from  the  painting  facilities  included  in 
this  study.  Step  2  was  to  make  recommendations,  based  on  the  data  collected 
in  Step  1,  of  viable  VOC  emission  reduction  and  control  options  for  each  of 
the  faci lities. 

Step  1  was  accomplished  by  observing  the  paint  operations  occurring  at 
each  of  the  facilities,  and  sampling  for  organics  and  particulates  both 
inside  and  outside  the  paint  booth.  The  sampling  methods  used  to 
characterize  the  emissions  were  National  Institute  of  Safety  and  Health 
(NIOSH)  500,  NIOSH  1300,  Modified  Method  5,  anemometer  volume  flow,  EPA 
Method  2  volume  flow,  ST-7  and  Method  25A.  In  addition,  records  of  paint 
usage  rates  and  paint  booth  operations  were  kept.  At  McClellan  AFB,  water 
samples  were  drawn  from  the  water  curtain  sumps  which  remove  particulate  from 
the  exhaust  flow. 

Step  2  was  accomplished  by  analyzing  the  data  and  developing  possible 
VOC  emission  control  strategies  for  each  of  the  painting  facilities  included 
in  this  study. 

D.  CONCLUSIONS  AND  RECOMMENDATIONS 

•  All  three  painting  facilities  included  in  this  study  failed  to  meet 
applicable  VOC  emission  standards. 

•  The  adoption  of  more  efficient  paint  application  methods  is  a  viable 
VOC  emission  reduction  strategy. 

•  Paint  booth  reci  rculation  modifications  associated  with  an  add-on 
control  device  would  result  in  significant  VOC  emission  reductions. 

•  A  recirculation  system  could  be  installed  at  the  McClellan  AFB 
Building  655  paint  facility  at  an  approximate  cost  of  $47,000.  The 
bleed-off  volume  required  to  maintain  the  VOC  concentration  below 
established  safety  limits  is  1,500  scfm. 

•  A  recirculation  system  could  be  installed  at  the  Travis  AFB 
Building  1014  painting  facility  at  an  approximate  cost  of  $33,000. 
The  bleed-off  volume  required  to  maintain  the  VOC  concentration 
below  established  safety  limits  is  860  scfm. 

•  Recommendations  specific  to  each  site  regarding  safe  and  efficient 
paint  booth  operation  were  also  made. 

•  A  recirculation  system  could  be  installed  at  the  Travis  AFB 
Building  1014  painting  facility  at  an  approximate  cost  of  $33,000. 
The  bleed-off  volume  required  to  maintain  the  VOC  concentration 
below  established  safety  limits  is  860  scfm. 

•  Recommendations  specific  to  each  site  regarding  safe  and  efficient 
paint  booth  operation  were  also  made. 
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SECTION  I 


INTRODUCTION 


A.  BACKGROUND 

The  Air  Force  uses  a  number  of  organic  coatings  and  solvents  in 
maintaining  aircraft  and  aircraft-related  equipment.  Activities  such  as 
metal  cleaning,  painting,  paint  removal,  fuel  storage  and  transfer,  and 
industrial  waste  treatment  produce  large  quantities  of  VOCs  which  are  released 
into  the  atmosphere.  For  this  reason,  Air  Force  operations  comprise  one  of 
the  VOC  source  categories  regulated  by  the  Clean  Air  Act  and  state  and  local 
laws  designed  to  reduce  emissions  of  organic  ozone  precursors.  Because  many 
areas  have  not  yet  attained  ozone  control  goals  set  by  the  Clean  Air  Act, 
local  agencies  are  applying  increased  pressure  on  Air  Force  facilities  *o 
decrease  VOC  emissions. 

This  study  focused  on  Air  Force  painting  operations.  Solvent-based 
epoxy  primers  and  solvent-based  polyurethane  topcoats  are  normally  used  by 
the  Air  Force  for  painting  aircraft.  Methyl  ethyl  ketone  (MEK),  isopropyl 
alchohol,  toluene,  laquer  thinner  and  aliphatic  polyurethane  thinner  are  the 
solvents  generally  involved  in  painting.  The  solvents,  primers,  coatings  for 
corrosion  control,  and  aerospace  topcoats  used  by  the  Air  Force  exceed  VOC 
limits  established  by  both  federal  and  state  laws.  The  statutory  deadline  to 
comply  with  both  the  state  and  federal  laws  is  December  31,  1987. 

B.  OBJECTIVE 

The  objective  of  this  effort  was  to  identify  appropriate  control 
technologies  which  would  minimize  emission  of  VOCs  and  otner  hazardous  air 
pollutants  (HAPs)  from  facilities  where  routine  painting  operations  take 
place  at  typical  Air  Force  Bases.  Of  particular  interest  are  paint  spray 
booths  which  are  sources  of  large,  uncontrolled  VOC  emissions. 

C.  SCOPE/APPROACH 

The  project  was  divided  into  two  phases.  Phase  1  consisted  of  the 
characterization  of  VOC  and  HAP  emissions  from  typical  Air  Force  painting 
facilities  and  the  identification  of  appropriate  VOC  emission  control 
technologies  for  these  facilities.  Three  painting  facilities  at  two  Air 
Force  bases  were  studied  to  gather  emissions  characterization  data  such  as 
temperatures,  pressures,  flowrates,  and  emissions  concentrations.  Knowledge 
of  these  variables  is  required  to  identify  control  options.  The  procedures 
used  to  characterize  these  variables  are  presented  in  Appendix  C.  Phase  I 
addresses  issues  and  makes  recommendations  regarding  the  pilot-scale  testing 
of  appropriate  control  technologies  for  the  reduction  of  VOC  and  HAP 
emi ssions. 

Phase  II  of  this  project  is  the  implementation  recommendations  made  in 

Phase  I. 
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SECTION  II 


PAINT  BOOTH  EMISSIONS  CHARACTERIZATION 


a.  McClellan  air  force  base 

The  McClellan  Air  Force  Base  downdraft  water  curtain  paint  spray  booth 
is  located  inside  Building  655.  The  unit  is  approximately  60  feet  long, 

18  feet  wide,  and  18  feet  tall.  Air  is  ducted  through  a  particulate  filter 

system  on  the  roof  of  the  main  building  and  routed  through  the  ceiling  of  the 
spray  booth.  The  air  flows  downward,  through  floor  gratings,  and  passes 
through  a  water  curtain.  Each  sump  is  serviced  by  two  ducts  equipped  with 
radial  fans  which  exhaust  to  roof  vents.  The  paint  booth  is  maintained  under 
negative  pressure  and  is,  therefore,  subject  to  in-leakage.  A  schematic  of 
the  paint  booth  and  the  associated  sampling  locations  used  to  characterize 
the  VOC  concentration  profile  is  given  in  Figure  1.  In  addition,  the 
sampling  locations  are  listed  in  Table  1. 

1.  Paint  Processes  and  Usage 

Before  sampling,  a  list  of  paints  to  be  used  for  the  duration  of  the 
test  was  compiled.  Samples  of  these  paints  were  analyzed  for  residue  and  VOC 
content,  and  the  results  were  used  to  aid  in  organic  speciation  analyses  of 
the  VOC  samples  drawn  from  the  air  and  the  water.  Table  2  lists  the  primary 
components  of  the  paints  used  during  the  test,  and  Table  3  gives  the  results 
of  the  paint  residue  analysis. 

Because  of  the  large  number  of  exhaust  vents,  it  was  anticipated  that 
the  particulate  and  organic  concentrations  in  both  the  water  and  the  air 
samples  would  depend  on  where  in  the  booth  the  paint  was  applied,  as  well  as 
the  orientation  of  the  surface  painted.  For  this  reason,  the  facility  was 
divided  into  quadrants  associated  with  the  four  water  sumps.  Records  were 
kept  of  where,  in  terms  of  these  quadrants,  the  paint  was  applied,  as  well  as 
the  time  and  rate  at  which  the  paint  was  consumed.  These  records  are 
summarized  in  Tables  4  and  5.  The  particulate  and  organic  sampling  results 
are  correlated  with  these  records  in  subsequent  sections. 

2.  Flow  Measurements 

Two  flow  measurement  procedures  were  used  to  determine  volume  flow 
through  the  paint  spray  booth: 

•  Daily  anemometer  readings  were  taken  at  the  floor  grates. 

•  Pitot  tube  readings  were  taken  in  each  exhaust  duct  according  to 
EPA  Method  2. 

These  procedures  are  discussed  more  fully  in  Appendix  C. 
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TABLE  1.  LIST  OF  SAMPLING  LOCATIONS  — 

McClellan  air  force  base 

Locati on 

number  Description 

1  Exhaust  vent  duct  1  (Quadrant  3A) 

2  Exhaust  vent  duct  2  (Quadrant  3B) 

3  Exhaust  vent  duct  3  (Quadrant  4A) 

4  Exhaust  vent  duct  4  (Quadrant  4B) 

5  Exhaust  vent  duct  5  (Quadrant  1A) 

6  Exhaust  vent  duct  6  (Quadrant  IB) 

7  Exhaust  vent  duct  7  (Quadrant  2A) 

8  Exhaust  vent  duct  8  (Quadrant  2B) 

9  Quadrant  3  sunp 

10  Quadrant  1  sunp 

11  Quadrant  4  sunp 

12  Quadrant  2  sunp 

13  Quadrant  3  grating 

14  Quadrant  1  grating 

15  Quadrant  4  grating 

Quadrant  2  grating 


r-A 
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TABLE  2.  GC/MS  ANALYSES  OF  PAINT  SAMPLES  —  McCLELLAN  AIR  FORCE  BASE 
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TABLE  3.  RESIDUE  ANALYSIS  OF  PAINT  SAMPLES  — 

McClellan  air  force  base 


Sample 

Paint  type 

Initial 

weight 

Final 

weight 

Percent 

volatile 

905344 

Desert  Sand 

0.5408 

0.3151 

41.7 

905345 

Sand 

0.6532 

0.4128 

36.8 

905347 

Green 

0.6038 

0.3491 

42.2 

905349 

Black 

0.5613 

0.334 

40.5 

905351 

Brown 

0.7415 

0.463 

37.6 

905353 

White 

0.4172 

0.2288 

45.2 

905355 

Seafoam  Green 

0.5846 

0.1895 

67.6 

905361 

Aircraft  Thinner 

0.3238 

0.00 

100 

Mi xtures 

905357 

905358 

Water 

3:1:2® 

Aircraft  Primer 
Primer  Catalyst 

1.1142 

0.5028 

54.9 

905363 

905364 

Ethanol 

4:1:1b 

Wash  Primer 

Primer  Catalyst 

0.4416 

0.0293 

93.4 

®The  aircraft  primer  components:  aircraft  primer, 
primer  catalyst  and  water  were  mixed  in  a  ratio  of  3:1:2. 

bThe  wash  primer  components:  wash  primer,  primer 
catalyst  and  ethanol  were  mixed  in  a  ratio  of  4:1:1. 
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TABLE  4.  PAINT  BOOTH  OPERATING  LOG  --  McCLELLAN  AIR  FORCE  BASE 


Day 

Tine 

Quadrant 

Paint 

tine 

(min) 

Coments 

June 

2 

0923 

0932 

1,2, 3, 4 

:  48 

2  operators 

& 

1 

gun. 

shelter 

0940 

- 

0943 

1,2, 3, 4 

3:00 

2  operators 

& 

1 

gun. 

shelter 

1052 

- 

1102 

1,3 

7:25 

2  operators 

S 

1 

gun. 

shel  ter 

1235 

- 

1303 

1,3 

17:51 

2  operators 

& 

1 

gun. 

shelter 

1347 

- 

1357 

1,3 

8:36 

2  operators 

& 

1 

gun, 

exterior 

shel ter 

June 

3 

0924 

• 

0933 

1,2, 3,4 

5:05 

4  operators 

S 

1 

gun, 

undercoat 

;  2  shelters 

1020 

- 

1025 

2,4 

4:10 

2  operators 

4 

1 

gun. 

exterior 

8  interior  shelter 

1032 

- 

1056 

1,3 

19:34 

2  operators 

J 

1 

gun, 

exterior 

shel ter 

1310 

- 

1324 

1,3 

23:38 

2  operators 

4 

1 

gun, 

exterior 

shel ter 

1251 

- 

1331 

2,4 

26:42 

2  operators 

& 

1 

gun. 

exteri  or 

&  interior  shelte- 

1431 

- 

1505 

1,3 

24:18 

2  operators 

« 

1 

gun. 

exterior 

shel ter 

1703 

- 

1725 

1,3 

17:03 

1  operator, 

exteri  or 

shel  ter 

June 

4 

0805 

_ 

0845 

1,3 

40:00 

Sanding  only 

0923 

- 

0940 

1.3 

17:00 

Sanding  only 

0928 

- 

1110 

2,4 

46:44 

2  operators 

& 

1 

gun. 

exterior 

shel  ter 

1044 

- 

1049 

1,3 

5:00 

2  operators 

S 

1 

gun. 

interior 

shelter 

1223 

- 

1238 

1,3 

9:45 

2  operators 

& 

1 

gun. 

interior 

shelter 

1240 

- 

1307 

2,4 

10:25 

2  operators 

s 

1 

gun. 

exterior 

shelter 

1324 

- 

1335 

1,3 

10:14 

1  operator, 

interior 

shelter 

1322 

- 

1333 

2,4 

9:12 

1  operator, 

interior 

shelter 

1425 

- 

1436 

1,3 

6:46 

2  operators 

S 

1 

gun, 

interior 

shel ter 

June 

5 

0850 

_ 

0900 

2,4 

10:00 

Air  blowing 

shelter 

0947 

* 

1010 

2,4 

10:42 

1  operator. 

exterior 

shelter 
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Each  of  the  four  floor  grates  was  divided  into  six  sections,  and  a  daily 
flow  measurement  was  taken  with  the  anemometer  over  each  area.  The  results 
of  the  integrated  flow  calculations  are  given  in  Table  6. 

EPA  Method  2  volume  flow  measurement  procedures  were  used  to  determine 
air  flowrates  in  the  exhaust  ducts.  This  procedure  requires  the  use  of  a 
pitot  tube  in  a  straight  duct  at  a  location  8  duct  diameters  downstream  of 
any  flow  obstructions  or  variations. 

The  results  of  the  EPA  Method  2  volume-flow  measurements  are  gven  in 
Table  7.  Because  the  ducts  leading  from  the  water  curtain  to  the  roof  are 
extremely  curved,  there  are  no  accessible  locations  where  a  straight  run  of 
even  two  diameters  can  be  obtained,  thus, it  was  not  possible  to  comply  with 
the  Method  2  protocol.  In  addition,  free-swinging  dampers  in  the  ducts 
further  upset  the  flow.  The  obstacles  and  routing  in  the  ducts  cause  the 
airflow  to  be  nonlaninar.  For  this  reason,  vortical  flow  and  reci rculation 
were  often  detected  with  the  pitot  tube  (a  negative  pressure  differential  is 
indicative  of  vortical  flow)  (1).  If  a  negative  pressure  differential  was 
measured,  a  zero  value  was  substituted.  In  this  way,  the  volune  flow  (and 
therefore„the  hydrocarbon  and  particulate  emission  levels)  were 
overpredicted ,  rather  than  underpredicted . 

3.  VOC  Measurements 

Four  test  series  were  used  to  measure  the  VOC  concentrations  in  both  tkie 
spray  booth  and  the  exhaust  ducts: 

o  The  EPA  Modified  Method  (MM5)  particulate  and  organic  train  was  used 
to  measure  semivolatile  organic  compounds  in  the  exhaust  ducts. 

o  The  CAAQMD  Method  ST-7  and  as  the  EPA  Method  M25A  were  used  in  the 
exhaust  ducts  to  determine  total  organic  carbon  emissions. 

•  The  NIOSH  1300  method  was  used  in  the  spray  booth  and  the  exhaust 
ducts  to  both  quantize  and  speciate  VOC  emissions. 

These  procedures  are  discussed  more  fully  in  Appendix  C. 

The  results  of  the  semivolatile  organic  module  analyses  of  the  MM5 
sanpling  tests  are  presented  in  Table  8.  The  compounds  of  highest 
concentrations  (such  as  xylene)  were  found  in  the  paint  samples  (see 
Table  2).  During  the  Test  1  sampling  interval  in  Stack  2  (corresponding  to 
Quadrant  1),  19  minutes  of  painting  took  place  in  Quadrants  1  and  3  while 
only  4  minutes  of  painting  took  place  in  Quadrants  2  and  4.  It  was, therefore, 
anticipated  that  high  concentrations  of  organics  would  be  detected.  It  wa s 
expected  that  high  VOC  concentrations  would  also  be  detected  during  Test  2 
because  24  minutes  of  painting  took  place  in  Quadrants  1  and  3.  High 
concentrations  were  found  but  the  compounds  detected  were  significantly 
different  from  the  compounds  found  in  Test  1,  probably  because  a  different 
paint  was  used  (see  Table  2). 
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TABLE  6.  VOLUMETRIC  FLOWRATE  ANEMOMETER  DATA  —  McCLELLAN  AIR  FORCE  BASE 


Si  te 

Volume  flow  (cfm) 

June  1 

June  2 

June  3 

June  4 

Sump  1 

14,55b 

11,366 

17,286 

13,249 

Sump  2 

10,922 

11,866 

12,401 

11,315 

Sump  3 

10,922 

9,551 

15,026 

12,275 

Sump  4 

14,209 

11,450 

15,638 

15,676 

1  0 1 

50,608 

44,233 

60,351 

52,515 

r emperature 

( °F ) 

82.1 

82.0 

82.0 

84.0 

Barometri  c 

Pressure 

(in.  Hg)  29.75 

29.5 

29.9 

29.7 

Total  (cfm 

@  STP) 

49,020 

42,493 

58,763 

50,604 

Total  (Lpm  @  STP) 

1,387,266 

1,202,552 

1,662,992 

1,432,09 

TABLE 

7.  VOLUf-t TRIC  FLOWRATE  EPA  METHOD  2  — 

McClellan  air  force  base 


Volume  flow 
(cfm  @  STP) 


Site  June  1  June  4 


Stack  1 

8,523 

7,767 

Stack  2 

6,405 

6,903 

Stack  3 

7,018 

7,157 

Stack  4 

7,477 

7,993 

Stack  5 

3,499 

3,863 

Stack  6 

3,729 

4,581 

Stack  7 

9,247 

9,154 

Stack  8 

6,400 

5,852 

Total 

52,298 

53,270 

Total  (Lpm  0  STP) 

1,480,033 

1,507,541 

Percent  difference:  1.8 
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TABLE  8.  MM 5  ORGANICS  SAMPLING 

RESULTS  -- 

McClellan 

AIR  FORCE  BASE 

Test  1 

Test  2 

Date 

6-3-87 

6-3-87 

Time 

1018-1118 

1430-1530 

Site 

Stack  2 

Stack  2 

Quadrant 

Volume  sampled  (cf  @  STP) 

31.16 

35.01 

Volume  sampled  (L  @  STP) 

883 

992 

Semi uol atil e  compounds 

detected  (ng/sample) 

Naphthal  ene 

4 

5 

Acenaphthyl ene 

3 

0 

Diethyl phthal  ate 

12 

4 

Di-n-butyl phthal  ate 

7 

7 

Butyl  benzyl  phthal  ate 

2 

2 

bis (2-ethyl  hexyl ) phthal  ate 

150 

70 

Di-n-octyl  phthal  ate 

4 

7 

Benzoic  acid 

56 

120 

Ethyl  benzene 

95 

0 

Xylene  (1  isomer) 

180 

0 

2,4,6-trimethyl  octane 

42 

0 

2,3,4-trimethyl  heptane 

51 

0 

3-Methyl  nonane 

35 

0 

Butyl cycl ohexane 

35 

0 

Dimethyl  nonane  (3  isomers) 

130 

20 

5-Methyl  undecane 

41 

0 

Decamethyl  cyctopenta-si  1  oxane 

55 

0 

Propyl  benzene 

0 

59 

Ethyl -methyl benzene  (2  isomers) 

0 

400 

Trimethylbenzene  (3  isomers) 

0 

6  70 

Ethenyl benzene 

0 

24 

1-Methyl -2-propyl  benzene 

0 

32 

2,5,8, 11, 14, 17-Hexaoxaoctadecane 

0 

33 

Both  EPA  Method  25A  and  BAAQMO  Method  ST-7  are  gas  analysis  procedures 
which  determine  the  total  oxidizable  carbon  (TOC)  concentration  in  a  sample 
stream.  TOC  is  comprised  of  the  organic  carbon  and  carbon  monoxide  present 
in  the  sample.  For  the  tests  discussed  in  this  report,  the  contribution  of 
carbon  monoxide  to  the  TOC  concentration  was  considered  negligible  (CO 
concentration  in  air  is  generally  a  few  parts  per  million),  thus, the  measured 
TOC  was  considered  to  be  solely  from  an  organic  source. 

The  BAAQMD  ST-7  procedure  requires  a  gas  sample  to  be  passed  through  a 
combustion  tube,  where  all  organic  carbon  atoms  are  oxidized  to  CO2  (2).  From 
the  combustion  tube,  the  sample  is  passed  through  a  nondi spersi ve  infrared 
analyzer  (NDIR)  which  continuously  monitors  the  CO2  concentration  in  the  gas 
stream.  Periodically,  the  combustion  tube  is  bypassed,  and  the  sample  gas  is 
passed  directly  through  the  NDIR.  This  is  done  to  measure  the  sample 
background  concentration  of  CO2.  The  difference  between  the  CO2 
concentrations  in  these  streams  is  the  TOC  concentration  in  the  sample.  The 
ST-7  results  are  accurate  because  the  NDIR  analyzer  is  calibrated  with  CO2, 
which  is  also  the  gas  being  measured. 

Tne  EPA  Method  25A  uses  a  flame  ionization  detector  (FID)  to  analyze  the 
TOC  concentration  in  the  sample  gas  (3).  The  FID  is  sensitive  to  the  total 
hydrocarbon  concentration  in  the  sample  stream,  and  does  not  distinguish 
oetween  organic  species.  Thus,  to  correctly  assess  the  VOC  concentration  in 
the  sample,  the  components  and  the  relative  concentrations  of  the  components 
in  the  sample  stream  must  be  known. 

Furthermore,  the  FID  is  calibrated  with  propane,  which  may  have  a 
detector  response  factor  which  differs  from  the  response  factors  of  the 
organics  being  analyzed  in  the  sample  stream.  In  addition,  the  presence  of 
oxygenated  organic  compounds  in  the  FID  will  cause  the  organic  carbon 
concentration  to  be  underpredicted.  These  operational  constraints  cause 
Method  M25A  to  be  less  quantitative  (although  more  sensitive)  than 
Method  ST-7.  Method  M25A  data  is  therefore  used  primarily  as  a  check  of  the 
ST-7  data.  A  comparison  of  Tables  9  and  10  shows  that,  although  the  recorded 
concentrations  are  different,  the  trends  are  the  same. 

The  results  of  the  EPA  Method  25A  and  BAAQMD  Method  ST-7  sampling  trains 
are  presented  in  Tables  9  and  10.  Large,  square  communication  shelters  were 
painted  during  all  of  these  sampling  intervals.  Most  of  the  paint  adhered  to 
the  large  flat  surfaces  of  the  shelter,  and  was  not  dispersed  into  the  air. 
The  results  of  mass  balance  calculations, based  on  the  ST-7  data  and  the  paint 
usage  records, are  also  presented  in  Table  10.  The  VOC  concentration  detected 
in  the  stack  is  within  60  percent  of  the  predicted  concentration  determined 
from  paint-usage  data.  For  a  description  of  how  these  calculations  were 
done,  see  Appendix  A. 

The  VOC  concentrations  detected  in  Stack  1  on  June  4  between  945  and 
1045  were  almost  zero  because  the  paint  operation  took  place  at  the  opposite 
end  of  the  bootn  in  Quadrants  2  and  4.  When  painting  commenced  in 
Quadrants  1  and  3,  the  VOS  level  increased  to  540  ppm  carbon.  During  the 
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TABLF.  9.  M25A  RESULTS 

--  McClellan 

AIR  FORCE 

BASE 

y::: 

$ 
■V 1 

va 

V  A 

Background 

Sanple 

Paint 

organic 

Approximate 

Integrated 

Tine 

tine 

tine 

Peak 

carbon 

average 

total 

Day  Site 

Interval 

(nin) 

(nin) 

Quadrant 

(ppma 

)  (ppn) 

( ppnb ) 

( ppnb  nin) 

& 

1 

June  3  Stack  1 

1000-1015 

15 

0 

0 

158 

12 

93 

1  ,4 10c 

‘A 

Quad  1 

1015-1030 

15 

5 

2.4 

66 

12 

36 

408 

*  rl 

1030-1045 

15 

13 

1.3 

116 

12 

36 

462 

1045-1100 

15 

11 

1.3 

93 

12 

4ft 

64? 

;--5 

1100-1115 

15 

0 

0 

42 

12 

24 

354=5 

ft 

1240-1255 

15 

4 

2.4 

95 

12 

51 

852 

• 

1255-1310 

15 

12 

2.4 

83 

12 

54 

795 

1310-1325 

15 

14 

1.3 

98 

12 

63 

954 

IS 

7 

2.4 

"V’.I .'dJRS' 

1325-1340 

15 

4 

2,4 

60 

12 

4? 

618 

■> 

1425-1440 

15 

9 

1.3 

66 

12 

!  7 

684 

vS 

1440-1455 

15 

9 

1.3 

150 

12 

78 

1,110 

S» 

Aj 

1455-1510 

15 

6 

1 ,3 

201 

1? 

87 

1,266 

tar. 

• 

1536-1540 

Fans 

Off:  4 

Minutes 

60 

12 

42 

153 

1540-1542 

Fans 

On:  2 

Hi  nutes 

264 

12 

168 

402 

1542-1542:30 

Fans 

Off:  30  Seconds 

144 

12 

;  -a 

C 

1542:30-1544 

Fans 

On:  1 . 

5  Minutes 

’70 

12 

198 

366 

vS 

1544-1544:30 

Fans 

Off:  30  Seconds 

141 

12 

129 

*3 

:■>: 

1544:30-1547 

Fans 

On:  2. 

5  Minutes 

327 

12 

222 

51? 

o' 

1547-1556 

Fan  s 

Off:  9 

Minutes 

84 

12 

54 

3?/p 

m 

w 

;  • 

June  4  Stack  1 

0915-0930 

15 

2 

2.4 

15 

6 

6 

129 

y.j 

Quad  1 

0930-0945 

15 

7 

2.4 

17 

6 

0 

132 

-*.T 

0945-1000 

15 

7 

2.4 

17 

6 

7 

123 

1000-1015 

15 

6 

2,4 

17 

6 

9 

123 

1015-1030 

15 

7 

2,4 

17 

6 

1C 

15ft 

1030-1045 

15 

6 

2.4 

60 

6 

18 

261 

1045-1100 

15 

1 

7 

1.3 

2.4 

33 

6 

18 

198 

• 

4 

1,3 

**£■ 

1100-1110 

10 

7 

2,4 

15 

6 

6 

57 

>■ 

June  4  Stack  4 

1245-1300 

15 

5 

2,4 

6 

6 

0 

n 

‘-".A 

Quad  2 

1300-1315 

15 

5 

2.4 

6 

6 

n 

0 

1315-1330 

1  L 

6 

1.3 

6 

6 

0 

0 

*“  .*■ 

7 

2.4 

• 

1330-1345 

15 

4 

1 ,3 

6 

6 

0 

0 

2 

2.4 

1345-1352 

7 

0 

0 

6 

6 

0 

0 

■-V- 

June  5  Stack  3 

0845-0Q00 

15 

0 

0 

6 

6 

3 

0 

Quad  2 

0900-0915 

15 

0 

0 

6 

6 

3 

r 

*'  ; 

0915-0930 

15 

0 

0 

27 

6 

9 

L 

15 

%  .‘§ 

0930-0945 

15 

0 

0 

20 

6 

} 

30 

m 

0945-1000 

15 

6 

2.4 

39 

6 

12 

156 

1000-1015 

15 

5 

2,4 

36 

6 

9 

138 

r.  > 

appin  refers 

to  carbon. 

V>; 

v"  ’« 

bppr  refers 

to  carbon  concentrations 

minus 

the  background  levels. 

.  -n.' 

cNo  painting  occurred  at  this  tine. 

Sharp  peaks  are 

due  to 

spray  gun  cleaning. 

dAt  11:20,  the  carbon  concentration 

(10  ppn)  was  close  to  the  background 

!  6  pprl . 

• 

eNote  the  difference:  Fans 

on  for  2 

.5  nlnutes  produced  a  count  of  543  ppn  ni notes ;  fans 

off  for  9  nlnutes  produced  a  count  of  43 

5  rpn  ninutes. 
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sanple  interval  1100  to  1110,  the  VOC  concentration  increased  to  550  ppm 
carbon  from  540  ppn,  although  no  paint  was  being  applied.  This  was 
undoubtedly  due  to  the  VOCs  which  cane  off  the  piece  as  it  dried.  Due  to  the 
large  flat  surface  of  the  shelters,  it  was  expected  that  VOC  enissions  fron 
the  booth  would  continue  for  some  time  after  the  painting  process  was 
stopped . 

The  VOCs  detected  in  the  915  to  945  tine  interval  on  June  5  (when  no 
painting  activity  was  recorded)  nay  be  due  to  paint  and  equipment  preparation 
(such  as  nixing  the  paint  and  cleaning  the  spray  guns  with  solvents). 

The  sampling  interval  fron  1536  to  1540  on  June  3  illustrates  the 
effect  that  fan  operation  has  on  VOC  buildup  in  the  spray  booth.  If  the  fans 
are  turned  off  after  a  painting  session,  the  VOC  concentration  in  the  booth 
increases  very  rapidly  due  to  the  drying  paint.  When  the  fans  are  turned  on 
again,  a  high  VOC  concentration  is  detected  in  the  stack.  This  is  further 
illustrated  in  Figure  2  which  is  a  plot  of  VOC  concentration  versus  tine  ir 
the  booth  while  the  fans  were  alternately  turned  on  and  off.  These 
measurements  indicate  that  dangerously  high  VOC  concentrations  can  accumulate 
in  a  spray  booth  if  the  ventilation  fans  are  turned  off  while  pieces  are 
drying  in  the  booth. 

The  sanple  intervals  and  volumes  used  in  the  NI0SH  1300  tests  are 
presented  in  Table  11, along  with  the  results  of  speciation  analyses  performed 
on  each  charcoal  tube.  Unfortunately,  the  sampling  tines  were  too  short  for 
the  NI0SH  tubes  used.  The  concentrations  of  many  of  the  compounds  expected 
to  be  found  on  the  filters  were  below  the  detection  limits  of  the  GC-FID  used 
in  the  analysis.  However,  sufficient  data  were  acquired  to  draw  several 
conclusions.  The  hydrocarbon  concentration  in  the  paint  booth  is  highest  in 
the  vicinity  of  where  the  paint  process  occurs.  This  is  exemplified  the 
data  from  tube  905399.  The  highest  hydrocarbon  concentration  detected  was 
found  on  this  charcoal  tube,  which  was  located  in  the  spray  booth  within  5 
feet  of  where  the  paint  was  applied.  The  water  curtain  does  not  reduce  the 
VOC  emissions  from  the  booth.  VOCs  were  found  on  tube  905418  located  in 
Stack  1,  even  though  painting  took  place  in  Quads  2  and  4.  No  VOCs  were 
detected  in  the  other  stack  samples  because  little  or  no  paint  was  applied 
during  the  sample  intervals. 

4.  Particulate  Concentration  Measurements 

Two  test  series  were  used  to  obtain  particulate  enissions  data: 

•  The  EPA  MI15  particulate  and  organics  train  was  used  to  measure 
particulate  levels  in  the  exhaust  ducts. 

•  The  NI0SH  Nuisance  Dust  method  (NI0SH  500)  was  used  to  measure 
particulate  levels  in  the  exhaust  ducts  and  in  the  spray  bootn. 

These  procedures  are  discussed  more  fully  in  Appendix  C. 
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figure  ?.  Variation  of  VOC  Concentration  as  a  Function  of  Fan  Operation. 


TABLE  11.  N10SH  1300  RESULTS  --  McCLELLAH  AIR  FORCE  BASE 


Sanpl  e 
tube 

number  Date 


Vol une 

sampled  VOC 1 s  detected3 
Quadrant  (L  @  STP)  (mg) 


905389 

June 

3 

1649-1755 

Background 

3.33 

ND 

905390 

June 

3 

1715-1758 

Stack  3 

2 

2.25 

NO 

905396 

June 

4 

0937-1023 

Stack  1 

1 

2.91 

ND 

905359 

June 

4 

1104-1209 

Stack  4 

2 

4.08 

ND 

905401 

June 

4 

1235-1351 

Grate  15 

2 

0.61 

ND 

905398 

June 

4 

1240-1400 

Stack  4 

2 

5.36 

ND 

905399 

June 

4 

1250-1444 

Grate  14 

3 

7.41 

0.04  To! uene 
0.036  Butyl 

acetate 

0.038  2-Butoxy 
ethanol 

905415 

June 

5 

0957-1056 

Grate  15 

2 

2.16 

0.013  2-Butoxy 
ethanol 

x  •„ 

June 

5 

0954-1051 

Stack  1 

1 

3.52 

0.025  2-Butoxy 
ethanol 

The  particulate  data  from  the  MM5  sampling  train  are  presented  in 
Table  12.  The  peak  particulate  emission  rate  was  found  to  be  about 
0.5  mg/ft^,  which  corresponds  well  with  the  NIOSH  500  data. 

The  volume  sampled  and  the  mass  of  particulate  collected  in  the 
NIOSH  500  tests  are  listed  in  Table  13.  As  can  be  seen  from  the  table, 
filter  data  taken  from  the  exhaust  ducts  indicate  that  very  little 
particulate  escapes  the  water  curtain.  Although  paint  was  applied  in  the 
quadrants  corresponding  to  the  ducts  under  consideration,  very  little 
particulate  was  collected.  This  is  exemplified  by  the  filter  data  taken  from 
Sites  1  through  8. 

The  particulate  concentration  inside  the  spray  booth  depended  on 
where  the  paint  was  applied.  For  example,  Filters  15  and  30  were  placed  at 
the  sump  grates  on  the  opposite  side  of  the  booth  from  where  a  shelter  was 
being  painted.  Little  or  no  particulate  was  detected  on  these  filters,  which 
would  indicate  little  crossflow  in  the  booth.  The  particulate  concentration 
in  the  quadrant  wnere  paint  was  being  applied  was  significantly  higher  than 
anywhere  else.  For  example,  the  mass  of  particulate  collected  on  Filter  29 
was  significantly  greater  than  the  other  filters  because  it  was  placed  at  a 
grate  next  to  where  a  shelter  was  being  painted. 

5.  Water  Sampling 

The  water  samples  drawn  from  the  sumps  were  analyzed  for  TOC, 
residue  and  organic  species.  The  results  of  the  TOC  analysis  presented  in 
Table  14  indicate  that,  although  a  large  quantity  of  organic  compounds  were 
trapped  in  the  sump,  a  large  quantity  were  also  released.  Due  to  the  high 
rate  of  water  evaporation,  the  sumps  were  refilled  almost  daily  with  10  to 
15  inches  of  makeup  water  (at  least  1,000  liters/day  per  sump).  The  organics 
trapped  in  the  water  would  likewise  evaporate.  The  rate  at  which  organic 
compounds  evaporate  depends  on  the  water  temperature  and  the  solubility  of 
the  compounds  in  water. 

It  was  not  possible  to  do  an  accurate  mass  balance  and  include  the 
TOC  concentration  in  the  water  because  paint  operations  continued  24  hours  a 
day.  Unless  paint  usage  is  continuously  monitored,  the  amount  of  paint  used 
versus  the  amount  of  organics  trapped  by  the  water  cannot  be  quantified.  A 
review  of  the  TOC  data  indicates  that  after  June  3,  a  relatively  steady  state 
TOC  concentration  was  reached.  This  implies  that  the  quantity  of  organic 
compounds  trapped  by  the  water  curtain  is  approximately  equal  to  the  amount 
released.  It  may  not  be  necessary,  therefore,  to  take  the  amount  of  organics 
removed  from  the  air  by  the  water  curtain  into  consideration  when  computing  a 
mass  balance  for  the  system,  because  an  approximately  equal  amount  is 
replaced. 

The  results  of  volatile  and  semivolatiles  analyses  of  the  water  in 
the  sumps  are  presented  in  Tables  15  and  16.  It  is  evident  that,  although 
the  concentrations  varied  somewhat  from  sump  to  sump,  and  from  day  to  day,  the 
essential  compounds  remained  the  same. 


TABLE  13.  NIOSH  500  RESULTS  --  McCLELLAN  AIR  FORCE  BASE 


Filter 

number 

Date 

Tine 

Site 

Quadrant 

Vol  une 
sampled 
(L  P  STP) 

Particul  ate 
on  filter 
(ng)a 

Mass  (mg) 
particulate 
per  i?3 

3 

June  1 

1348-1504 

14 

3 

116.15 

0.06 

0.5 

12 

June  1 

1351-1504 

13 

1 

114.99 

0.0 

0.0 

10 

June  2 

0834-1104 

16 

4 

115.94 

0.0 

0.0 

5 

June  2 

0838-1100 

15 

2 

110.27 

0.0 

0.0 

16 

June  2 

0956-1114 

1 

1 

60.44 

0.05 

0.8 

2 

June  2,  3 

1252-1316 

1355-1405 

1020-1106 

4 

2 

148.05 

0.0 

0.0 

7 

June  3 

0927-1117 

5 

3 

106.07 

0.05 

0.5 

13 

June  3 

1021-1110 

8 

4 

111.85 

0.0 

0.0 

21 

June  3 

1236-1344 

4 

2 

109.63 

0.0 

0.0 

20 

June  3 

1427-1535 

5 

3 

118.04 

-0.07b 

6 

June  3 

1422-1530 

4 

2 

110.73 

0.0 

0.0 

30 

June  4 

0807-0940 

14 

3 

149.28 

0.06 

0.4 

29 

June  4 

0855-1124 

15 

2 

232.04 

0.4 

1.7 

15 

June  4 

0959-1118 

14 

3 

126.83 

0.0 

0.0 
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TABLE  14.  TOC  RESULTS  —  McCLELLAII  AIR  FORCE  EASE 


June  3 


Sample  number  and  site 


905375 
Sump  9 

905379 

Sump  10 

905380 
Sump  11 

905381 

Sump  12 

905378 

B1  ank 

TOC  (mg/L) 

Depth  (in.) 

Volume  (L) 

TOC  per  Sunp  (mg) 

77 

19.5 

6,323 

486,871 

140 

15.9 

5,158 

722,120 

27 

20.8 

6,748 

182,196 

240 

16 

5,191 

1,245,840 

<1 

June  4 

Sanpl  e 

number  and  site 

905391 
Sump  9 

905392 
Sump  10 

905393 
Sump  11 

905394 
Sunp  12 

905395 
BI  anr. 

TOC  (mg/L) 

Depth  (in.) 

Volume  (L) 

TOC  per  Sump  (mg) 

200 

20.25 

6,570 

1,314,000 

110 

18.5 

6,002 

660,220 

97 

17.13 

5,557 

539,029 

230 

16.75 

5,434 

1  ,249,820 

<1 

June  5 

Sample  number 

■  and  site 

905405 
Sump  9 

905409 
Sump  10 

905411 
Sump  11 

906408 

Sump  12 

TOC  (mg/L) 

Depth  (in.) 

Volume  (L) 

TOC  per  Sump  (ng) 

190 

23.81 

7,725 

1,467,750 

57 

25.25 

8,192 

466,944 

37 

28.25 

9,165 

339,105 

170 

17.63 

5,720 

972  ,400 
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TABLE  15. 
June  2 


VOLATILE  COMPOUND  ANALYSIS  EPA  624  --  McCLELLAN  AIR  FORCE 
BASE 


Sanpl  e 

number  and 

site 

Compound 

9054  70a 

905469 

9054723 

905474 

905368a 

(ug/L) 

Sump  9 

Sump  10 

Sump  11 

Sump  12 

Make-up 

Tol uene 

360 

Ethyl  benzene 
Acetone 


2-Butanone 

10,336 

784  5,400 

4-Methyl -2-pentanone 

36 

Total  Xylenes 

2 

137 

2-Butoxy  ethanol 

8 

340 

Polyethelene  glycol- 

230 

10,000 

2,500 

mono  ethanol  amine 

June  5 


Compound 

(ug/L) 

C 

iariple  number  and  site 

905402 
Sump  9 

905404 
Sump  10 

905412 
Sump  11 

905413 
Sump  12 

Methyl ene  chi oride 

16 

25 

14 

14 

Tol uene 

18 

53 

Ethyl  benzene 

2 

3 

Acetone 

200 

720 

210 

310 

2-Butanone 

2,400 

11,000 

540 

8,800 

4-Methyl -2-pentanone 

7 

38 

13 

100 

Total  Xylenes 

11 

1 

40 

aSampIes  were  diluted  prior  to  analysis.  The  resulting 
concentrations  of  several  compounds  were  therefore  too  low 
to  detect. 


TABLE  16.  SEMIVOLATILE  COMPOUND  ANALYSIS  EPA  625 
FORCE  BASE 


—  McClellan  air 


Sanpl  e 

number  and 

1  ocati on 

Conpound 

905370 

905369 

905372 

905374 

905368 

(ug/L) 

Sump  9 

Sump  10 

Sump  11 

Sump  12 

Makeup 

Phenol 

5 

7 

8 

Di-n-butyl  phthalate 

11 

8 

June  5 

Sanple  number 

and  location 

Conpound 

905397 

905403 

905410 

905407 

(ug/L) 

Sump  9 

Sump  10 

Sump  11 

Sump  12 

Di-n-butyl  phthalate 

14 
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TABLE  17.  WATER  RESIDUE  RESULTS  --  McCLELLAf!  AIR  FORCE  BASE 

June  2 


Sample  number 

and  location 

DI  Water 

B1  ank 

905370 
Sump  9 

905369 
Sump  10 

905372 

Sunp  11 

905374 
Sunp  12 

905368 

Makeup 

Initial  volune  (nL) 

100 

100 

100 

100 

100 

100 

Final  weight  (g) 

44.3410 

48.9444 

49.4512 

48.7672 

41.7661 

49.7500 

Evaporative  dish  tare 

(9) 

44.3402 

48.8819 

49.3850 

48.7058 

41.6750 

49.7269 

Residue  weight  (ng) 

0.8 

62.5 

65.95 

61.4 

91.1 

23.1 

Total  '•esidje  (g/L) 

0.008 

0.625 

0.6595 

0.614 

0.911 

0.231 

June  5 

Sanpl e 

Number  and 

locat ion 

DI  Water 

B1  ank 

905397 
Sump  9 

905403 
Sunp  10 

905410 

Sunp  11 

905407 
Sunp  12 

Initial  volune  (nL) 

100 

100 

100 

100 

100 

Final  weight  (g) 

44.3410 

47.1731 

46.7715 

41.7374 

49.2335 

Evaporate  e  di  sh  tare 

(9) 

44.3402 

47.1161 

46.7345 

41.6869 

49.1515 

ResidJe  weignt  (ng) 

0.8 

57.0 

37.0 

50.5 

82 

Total  residue  (g/L) 


0.8 


0.570 


0.570 


0.505 


0.82 


Total  residue  analyses  were  also  performed  on  the  water  samples,  the 
results  of  which  are  given  in  Table  17.  At  first  glar.ce,  it  appears  that  the 
residue  concentration  (comprised  mainly  of  paint  particles)  decreases  as  a 
function  of  time.  The  June  2  samples  were  taken  during  the  lunch  break, 
after  a  considerable  amount  of  painting  was  done.  The  samples  taken  on 
June  6  were  drawn  early  in  the  morning,  before  the  water  curtain  pumps  were 
turned  on.  There  was  no  painting  in  the  8  hours  before  sampling,  so  a 
considerable  amount  of  particulate  may  have  settled  to  the  bottom  of  the 
sump.  Although  the  sump  water  was  stirred  before  a  sample  was  drawn,  it  is 
possible  that  an  even  distribution  of  particulate  was  not  achieved.  Because 
of  the  low  particulate  concentrations  found  in  the  stacks,  and  the  high 
particulate  concentrations  detected  in  the  sump  water,  it  is  apparent  that 
the  water  curtain  does  remove  particulate  from  the  air  stream. 

In  summary,  at  the  McClellan  Air  Force  Base  paint  facility  in 
Building  655,  the  peak  VOC  concentrations  were  550  ppm  (see  Table  10). 
Particulate  concentrations  inside  the  booth  were  1.7  mg/m3  (see  Table  13'', 
and  particulate  concentrations  outside  the  booth  were  0.78  mg/m3  (see 
Table  13).  The  highest  estimated  VOC  emission  rate  was  0.95  mg/m3  as  carbon 
(see  Tabl e  10) . 

B.  TRAVIS  AIR  FORCE  BASE  —  BUILDING  550 

A  schematic  of  the  Building  550  paint  spray  booth  at  Travis  Air  Force 
Base  is  shown  in  Figure  3.  Initially,  a  small  room  used  for  fiberglass 
applications  next  to  the  paint  spray  booth  was  included  in  the  study.  When 
it  was  found  that  the  room  was  separate  from  the  spray  booth  (with  its  own 
ventilation  system),  it  was  decided  not  to  include  the  fiberglass  room.  The 
painting  compartment  in  this  facility  is  approximately  75  feet  long  and 
50  feet  wide,  and  is  subdivided  into  two  sections  by  a  3-foot  wide  partition. 
Outside  air  is  drawn  through  a  series  of  particulate  filters,  and  ducted  into 
the  front  of  the  room  through  ceiling  vents.  The  air  flows  down  and  across 
the  room,  then  passes  through  particulate  filters  which  cover  the  back  wall 
of  the  each  of  the  booths  (these  filters  clogged  fairly  rapidly,  and  were 
generally  changed  every  1  or  2  days).  The  air  is  then  ducted  out  of  the  room 
and  exhausted  through  a  series  of  four  roof  stacks.  Radial  fans  within  each 
stack  draw  the  air  through  the  filters  on  the  back  wall  of  the  booth.  No  VOC 
control  devices  are  in  place  at  this  facility.  The  sampling  locations  are 
listed  in  Table  18  and  included  in  Figure  2. 

1.  Paint  Processes  and  Usage 

Samples  of  paints  to  be  used  for  the  duration  of  the  test  were  taken 
and  analyzed  for  residue,  volatile  and  semivolatile  contents.  The  results 
were  used  to  aid  in  organic  speciation  analyses  of  VOC  compounds  found  in  the 
air  sample.  Table  19  lists  the  primary  components  of  the  paints.  In 
addition.  Table  20  presents  results  of  the  paint  residue  analysis. 

As  with  the  McClellan  facility,  it  was  anticipated  that  the 
particulate  and  organic  concentrations  would  depend  on  where  in  the  room  the 
paint  was  applied,  as  well  as  the  orientation  of  the  surface  be,-ng  painted. 
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TABLE  18.  SAMPLING 
TRAVIS  AI 
BUILDING 


Location  number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


E 

E 

E 

E 

E 

F 

F 

F 

F 


TABLE  19.  GC/MS  ANALYSIS  OF  PAINT  SAMPLES  —  TRAVIS  AIR  FORCE  BASE 


=  3 

U  o 

— 


©  o 

8  2 


8  8 

vn  O 

=  8' 


8  8  8 

\n  \f>  \n 


€3 

3{nj  nh  n  q 

c  n  nn  ri¬ 
ce  eo  n  if) 


4>  ai  2:  v  «i  tn 

4-»  *->  «  a.  c  &>  ["  1ft  pi  ^  n  Q3  ip  rs 

I  O  C  »  Ni  N  n  »  ifl  N 

n  fn  « 

s  8  ;  !  ^  ^  " 

p  s  s  .*  *  ?  K  i  m  m  s  i 

°  -  oo  oooooo  o 

- ?  t  »  J i i i ; : i  i  i  i  f 

£  £  ^  i  J  ^  I  ^  I  5  ^  5  8  8 


saturated 


FABLE  20.  RESIDUE  ANALYSIS  OF  PAINT  SAMPLES  -- 


TRAVIS  AIR 

FORCE  BASE 

Initial 

Fi  nal 

wei ght 

wei ght 

percent 

Sanpl  e 

Paint  type 

(g) 

(g) 

Vol ati  1 

905425 

MEK 

0.5381 

0.00 

100 

905431 

Cellulose  nitrate  0,4066 

0.063 

84.6 

905433 

Pol y  thi nner 

0.3086 

0.00 

100 

Mi xtures 

906416 

90u417 

1:1 

Poly  green 

0.7733 

0.35C6 

53.6 

905423 

905424 

Vel  1  ov:  pri:  :er 

0.847? 

0.4449 

47.5 

•»  .  ^ 
i .  - 

90.9 


95427 


Wash  primer 


0.4692  0.0420 


hwvaw*; 


For  this  reason,  the  facility  was  considered  to  be  divided  into  three 
sections  associated  with  the  three  filter  faces  located  at  the  back  of  the 
booths.  Records  were  kept  of  where,  in  terms  of  these  sections,  the  paint 
was  applied,  as  well  as  the  time  and  rate  at  which  the  paint  was  consumed. 
These  records  are  summarized  in  Tables  21  and  22.  The  particulate  and 
organic  sampling  results,  discussed  in  subsequent  sections,  are  correlated 
with  these  records. 

2.  Flow  Measurements 

Daily  anemometer  readings  were  taken  at  each  of  the  three  filter  faces. 
The  faces  were  divided  into  10  by  10-inch  sections,  and  flow  measurements  were 
taken  over  each  section.  The  results  of  the  integrated  flow  calculations  are 
presented  in  Table  23. 

The  results  of  the  EPA  Method  2  volume  flow  measurements  are  given  in 
Table  24.  Unfortunately,  radial  fans  located  in  the  stacks  immediately 
upstream  of  where  the  measurements  were  taken,  caused  the  flow  to  be  highly 
nonlaminar.  As  with  the  McClellan  data,  vortical  flow  and  rec i rcul at  ion  were 
often  detected  with  the  pitot  tube.  If  a  negative  pressure  differential  was 
encountered,  a  zero  value  was  substituted  to  overpredict  the  volume  flow. 

The  large  discrepancy  between  the  anemometer  data  and  Method  2  volume 
flow  measurements  can  be  largely  explained  by  the  fact  that  considerable 
in-leakage  occurred  behind  the  filter  faces  at  the  junction  with  the  exhaust 
ducts.  As  the  filters  became  clogged,  the  airflow  was  reduced,  resultina  in 
outside  air  being  drawn  through  the  stacks. 

3.  VOC  Measurements 


The  results  of  the  organic  module  analysis  of  the  MM5  tests  are 
presented  in  Table  25.  During  the  Test  1  sample  interval,  46  minutes  of 
painting  took  place  in  Section  2,  which  corresponds  to  Stacks  1  and  2.  The 
long  painting  interval  reflects  the  high  organic  concentration  detected  in 
Stack  2.  During  Test  2,  16  minutes  of  painting  took  place  which  explains  the 
significantly  lower  VOC  concentrations.  During  Test  3,  no  painting  took 
place  in  Section  3  (which  corresponds  primarily  to  Stack  4),  thus, the 
organics  concentration  detected  by  the  MM5  sample  train  was  negligible. 

During  Test  4,  there  was  only  5  minutes  of  painting  in  front  of  Stack  1, 
which  explains  the  low  semivolatile  concentrations  detected. 

The  results  of  the  EPA  Method  25A  and  BAAQMD  Method  ST-7  sampling  trains 
are  shown  in  Tables  26  and  27.  A  variety  of  field  pieces  and  engine  parts 
were  painted  during  these  sampling  times;  generally  they  were  pieces  with 
large  planar  surface  areas.  Most  of  the  paint  adhered  to  surfaces,  and  was 
not  dispersed  into  the  air.  The  results  of  mass  balance  calculations  based 
on  the  ST-7  and  NIOSH  1300  speciation  data  and  the  paint  usage  log  are 
presented  in  Table  27.  Agreement  between  the  amount  of  paint  used  during  the 
sampling  interval  and  the  amount  of  hydrocarbons  detected  by  the  ST-? 
sampling  train  is  within  35  percent. 


TABLE  21.  PAINT  BOOTH  OPERATING  LOG  --  TRAVIS  AIR  FORCE  BASE, 
BUILDING  550 


Section 


Paint  time 
(min ) 


Comments 


June  16 

1005-1008 

NIa 

3 

3  coats  of 

anticorrosion  compound 

1117-1124 

2 

7 

1  operator 

under  stack  three 

1130-1140 

2 

10 

1  operator 

under  stack  three 

1142-1150 

2 

8 

1  operator 

under  stack  three 

1152-1202 

2 

10 

2  operators;  under  stack  three 

1203-1211 

2 

8 

2  operator; 

;  under  stack  three 

1212-1217 

2 

5 

1  operator 

under  stack  three 

1225-1226 

1 

1 

1  operator 

under  stack  three 

1735-1835 

2 

60 

1  operator 

sandi  ng 

June  17 

0934-0936 

1,2 

2 

1  operator 

door 

0941-0946 

1 

5 

1  operator 

chairs 

0942-0945 

2 

3 

1  operator 

nose  cone,  small  parts 

0951-0953 

2 

2 

1  operator 

nose  cone  ,  smal 1  parts 

0956-1028 

1 

32 

1  operator 

chairs 

0956-0958 

1.2 

2 

1  operator 

door 

1008-1011 

2 

3 

1  operator 

nose  cone,  small  parts 

1019-1021 

2 

3 

1  operator 

nose  cone,  small  parts 

1036-1039 

2 

3 

1  operator 

nose  cone,  smal 1  parts 

1445-? 

2 

5 

Sanding 

1640-1650 

2 

10 

Sanding  chairs,  ladders  and  other  parts 

1650-1705 

1 

15 

Ladders  arc 

chairs 

1713-1732 

1 

19 

1  operator 

ladder  and  chairs 

1740-1747 

1 

7 

1  operator 

ladder  and  chairs 

1732-1741 

2 

9 

1  operator 

small  parts 

1756-1809 

2 

13 

1  operator 

small  parts 

1818-1820 

2 

2 

1  operator 

small  parts 

June  18 

0930-0934 

1 

4 

Paint  mixing;  quad  1 

0934-0938 

1 

1 

4 

1  operator 

small  piece 

0947-0949 

1 

2 

1  operator 

small  piece 

0936-0947 

2 

11 

2  operators;  C5  engine  intake 

1005-1026 

2 

21 

2  operator 

;;  C5  engine  intake 

1012-1015 

1 

3 

1  operator 

small  parts 

1431-1433 

1 

2 

Mixing  primer 

1433-1447 

2 

14 

1  operator 

fuselage  and  cabinet 

1452-1510 

2 

18 

1  operator 

fuselage  and  wing 

June  19 

081 2-? 

1 

N1 

Mixing  primer 

0835-0848 

1 

13 

2  operators ;  cabinet 

0851-0858 

1 

7 

2  operator" 

;  cabinet 

0945-? 

1 

N1 

Mixing  polyurethane 

0952-1020 

2 

28 

2  operator" 

>;  C 141  engine 

AM 


TABLE  22.  PAINT  USAGE  LOG  --  TRAVIS  AIR  FORCE  BASE,  BUILDING  550 


Date 

Time 

Section 

Paint  type 

Amount 

used 

(K9) 

Comments 

June 

16 

1117-1124 

2 

Primer 

0.02 

1  operator,  under  stack  three 

1130-1226 

1, 

,2 

Yell ot*  23531 

2.04 

2  operators,  under  stack  three 

June 

17 

0941-0946 

1 

Primer 

0.36 

1  operator,  troop  chairs 

0956-1028 

1 

Yellow  23531 

1.47 

1  operator,  troop  chairs 

0934-0958 

1, 

,2 

Green  primer 

0.82 

1  operator,  door  between  quads  1  A  2 

1008-1039 

2 

White  epoxy 

0.91 

1  operator,  nose  cone  S  small  parts 

1650-1705 

1 

Primer 

0.91 

2  operators,  ladders  and  pilot  chairs 

1740-1747 

1 

Tan  lacquer 

1.02 

2  operators,  pilot  chairs 

1740-1747 

1 

freen  lacquer 

0.45 

1  operator  ,  1  adders 

1732-1741 

2 

Primer 

0.79 

1  operator,  small  parts 

1756-1809 

2 

Gunship  color  epoxy 

1.02 

1  operator,  small  parts 

1816-1820 

2 

Polyurethane  green 

0.23 

1  operator,  small  parts 

June 

18 

0934-0949 

1 

Yellow  primer 

0.68 

1  operator,  field  piece 

0936-0947 

2 

Yellow  primer 

1.36 

2  operators,  C5  engine  guard 

1005-1026 

2 

Polyurethane  green 

2.38 

2  operators,  C5  engine  guard 

1012-1015 

1 

Polyurethane  green 

0.68 

1  operator,  smal  1  parts 

1433-1447 

2 

Yellow  primer 

0.79 

1  operator,  fuselage 

1452-1510 

2 

Polyurethane  gray 

2.15 

1  operator,  fuselage  S  wing 

June 

19 

0835-0848 

1 

Ye  1  low  primer 

2  operators,  cabinet 

0851-0858 

1 

Yellow  primer 

3.97» 

2  operators,  cabinet 

0945 

1 

Polyurethane  green 

Mixing  polyurethane  green 

0952-1020 

2 

Polyurethane  green 

3.63 

2  operators,  C-141  engine 

aThis  is  the  total  amount  used  from  8:35  to  8:58. 


TABLE  23.  VOLUMETRIC  FLOWRATE  ANEMOMETER  DATA  --  TRAVIS  AIR  FORCE  BASE, 
BUILDING  550 


Si  te 

June  15 

June  16 

June  17 

June  19 

Fi 1  ter  6 

17911 

20583 

21392 

17578 

Filter  7 

22381 

20194 

22456 

25614 

Filter  8 

7092 

8206 

10636 

21011 

Total  {cfn) 

47,384 

48,983 

54  ,484 

64,203 

Temperature  (°f  ) 

70 

70 

66 

70 

Barometric  pressure  fin.  Hg) 

30 

29.9 

30 

29.9 

Total  (cfn  P  STP) 

47,339 

48,937 

54,846 

64  ,099 

Total  (Lpm  P  STP) 

1,339,693 

1,384,917 

1,552,141 

1,814,00? 

TABLE  24.  VOLUMETRIC  FLOWRATE  EPA  METHOD  2  -- 
TRAVIS  AIR  FORCE  BASE,  BUILDING  550 


Volume  flow 
(cfn  P  STP) 


Si  te 


Stack  1 
Stack  2 
Stack  3 
Stack  4 

Total : 

Total  ( Lpm  0  STP) 


June  15 


15,150 

16,285 

11,690 

13,950 


June  16 


16,239 

20,100 

11,159 

10,679 


57,075  58,177 

1,615,222  1,646,409 


Percent  difference: 


1.9 


TABLE  25.  MM 5  ORGANICS  SAMPLING  RESULTS  —  TRAVIS  AIR  FORCE  BASE, 
BUILDING  550 


Test  1 

Test  2 

Test  3 

Test  4 

81  ank 

Date 

Time 

Site 

Volume  sampled  (CF  @  STP) 

Volume  sampled  (L  @  STP) 

6-16-87 
1115-1218 
Stack  2 
43.561 
1,234 

6-17-87 
940-1040 
Stack  2 
25.473 
721.5 

6-17-87 
1700-1800 
Stack  4 
39.922 
1.131 

6-18-87 
940-1040 
Stack  1 
42.859 
1,214 

Semivolatile  compounds  detected 
(ug/sample) 

Phenol 

0 

34 

0 

■> 

0 

Naphthal ene 

6 

5 

3 

X 

3 

Diethyl phthal  ate 

65 

49 

39 

23 

1? 

N-Nitrosodi phenyl  amine 

17 

17 

14 

7 

11 

Di-n-butyl  phthalate 

6 

4 

0 

3 

7 

Butylbenzyl phthal  ate 

2 

2 

0 

2 

2 

bi s( 2-ethyl  hexyl ) phthal ate 

17 

14 

5 

7 

0 

Benzaldehyde 

5 

8 

0 

0 

0 

Ethyl  benzene 

280 

130 

0 

28 

0 

1,3-Dimethylbenzene 

670 

260 

37 

85 

0 

1, 2-Dimethyl  benzene 

280 

150 

0 

34 

0 

2,4,6-Trimethyl  octane 

6 

11 

0 

0 

0 

5-Methyl -2-furancarboxaldehyde 

0 

28 

0 

0 

0 

2-Hydroxy-benzaldehyde 

0 

9 

0 

0 

0 

Ester  monohexanedoic  acid  (2-ethyl hexyl ) 

34 

16 

0 

0 

20 

Ethanol -2  (2-methoxyethoxy) 

0 

0 

0 

7 

5 

Ethyl  -benzaldehyde 

7 

0 

4 

7 

0 

A1 pha-oxo-benzeacet ic  ac  id 

0 

0 

8 

13 

10 

2-Chloro-l(4-ethyl phenyl  )-2-methyl -1-propanone 

0 

0 

0 

5 

8 

mol  (58)  sulfur 

0 

0 

0 

0 

33 

2-Cycl ohexene-l-one 

0 

0 

0 

0 

6 

Decane 

15 

0 

0 

0 

0 

1-Ethyl -2-methyl -benzene 

8 

0 

0 

0 

0 

1,3,5-Trimethyl  -benzene 

6 

0 

0 

0 

0 

Ethenyl benzene 

0 

0 

120 

0 

0 

For  reasons  discussed  in  Section  II. A. 3,  it  was  decided  to  base  the  VOC 
emission  analysis  on  the  ST-7  data.  Although  the  M25A  sample  train  is  more 
sensitive,  it  is  also  less  quantitative  in  this  application.  Figure  4 
indicates  the  difference  between  M25A  and  ST-7  data.  The  plots  are  taken 
over  the  same  time  periods.  As  this  diagram  shows,  the  M25A  sample  train 
responds  more  quickly  to  variations  in  VOC  concentrations.  It  is  also  better 
able  to  detect  low  VOC  concentrations. 

On  June  18  between  0930  and  1030,  a  large  field  piece  and  a  -C5  engine 
housing  were  painted  in  Sections  1  and  2.  The  ST-7  sample  train  was  placed 
in  Stack  2,  which  corresponds  to  both  sections.  As  expected,  the  VOC 
concentrations  were  relatively  high  (the  peak  ST-7  value  was  625  ppm  carbon). 
Between  1030  to  1115,  the  VOC  concentration  remained  high,  despite  the  fact 
that  no  painting  was  taking  place  This  is  most  likely  due  to  the 
hydrocarbons  coming  off  the  pieces  as  they  dried.  Note  that  the  VOC 
concentrati on  decreased  as  a  function  of  time.  During  the  sample  interval 
1433  to  1530,  smaller  pieces  including  a  cabinet  and  part  of  a  fuselage  were 
painted.  These  pieces  had  a  much  smaller  surface  area,  thus,  a  significant 
amount  of  the  paint  did  not  adhere  to  the  surface  when  it  was  applied,  and  it 
diffused  into  the  air.  As  expected,  the  VOC  concentration  was  high  (675  ppm 
carbon)  during  the  painting  interval.  When  painting  stopped  however,  the  VOC 
concentration  dropped  significantly.  Unlike  the  larger  field  pieces  painted 
earlier  in  the  day,  few  VOCs  were  emitted  while  these  pieces  dried,  because 
of  the  smaller  surface  area. 

To  investigate  the  dependency  of  VOC  concentration  on  location  in 
the  spray  booth,  an  ST-7  sample  train  was  run  at  Stack  3  while  paint  was 
applied  to  cabinets  in  Section  1  (which  correspond  to  Stacks  1  and  2).  No 
VOC  emissions  were  detected  during  this  test,  which  indicates  that 
hydrocarbon  concentrations  are  low  except  near  where  paint  and  solvents  are 
used  . 

The  sampling  intervals  and  volumes  used  in  the  NI0SH  1300  tests  are 
presented  in  Table  28,  along  with  the  results  of  speciation  analyses  done  on 
each  charcoal  tube.  The  hydrocarbon  species  data  were  used  in  the  mass 
balance  calculations  described  in  the  previous  section. 

Tubes  905457  and  905459  contained  large  concentrations  of  hydrocarbons 
(up  to  0.026  mg/L  of  solvent)  because  they  were  sampling  in  sections  where 
large  amounts  of  paint  were  applied.  Conversely,  Tubes  905462  and  905463 
were  both  sampling  in  sections  which  were  at  opposite  ends  of  the  room  from 
where  paint  was  applied.  As  expected,  little  or  no  VOCs  were  detected. 

Tubes  905460  and  905461  were  placed  in  front  of  the  filter  faces  near 
where  a  piece  of  equipment  was  painted,  but  to  keep  the  tubes  out  of  the 
workmen's  way,  they  were  placed  approximately  7  feet  high.  Despite  the 
awkward  placement,  it  was  believed  that  large  quantities  of  hydrocarbons 
would  still  be  detected.  Some  hydrocarbons  were  collected,  but  not  in  the 
quantities  anticipated.  Tube  905460  collected  only  0.0049  mg  of  solvent  per 


TABLE  28.  NIOSH  1300  RESULTS  --  TRAVIS  AIR  FORCE  BASE,  BUILDING  550 


Charcoal 

tube 

number 

Date 

Tine 

Si  te 

Section 

Vol  une 
sanpled 
(L  P  STP) 

V0C ' s  detected 
(mg) 

905456 

June  18 

Outside  Blank 

1.2 

NDa 

905457 

Jjne  18 

0931-1005 

Stack  2 

1.2 

2.82 

0.014  2-Propanol 

0.013  Butyl  acetate 

0.012  Toluene 

905458 

June  13 

1024-1059 

Stack  1 

1 

2.85 

0.005  Toluene 

0.005  n-Xylene 

905459 

June  18 

1425-1509 

Stack  3 

2,3 

2.67 

0.033  2-Propanol 

0.01  Butyl  acetate 

0.009  Toluene 

0.002  o-Xyl ene 

0.002  n-Xyl ene 

0.008  p-Xylene 

0.007  4-Methyl -2-pentanone 

905460 

June  18 

1437-1514 

F i 1  ter  7 

2 

2.86 

0.003  Butyl  acetal* 

0.003  Toluene 

0.001  o-Xyl  ene 

0.001  m-Xylene 

0.006  4-Methyl -2-Pentanone 

905461 

June  19 

0833-0901 

Fi 1  ter  6 

1 

l 

1.96 

0.001  Butyl  acetate 

0.001  Toluene 

905*62 

June  19 

0833-0900 

Fi 1  ter  8 

3 

3.3 

ND 

905463 

June  19 

0836-0908 

Stack  4 

3 

2.27 

ND 

905464 

June  19 

Inside  Blank 

ND 

aND  =  Nondetectabl  e.  Detection  limit  is  0.5  x  10"^  ng/tube. 
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liter,  while  Tube  905461  collected  particularly  low  hydrocarbon  concentra¬ 
tions  due  to  the  low  sample  volume. 

4.  Particulate  Concentration  Measurements 

The  particulate  data  garnered  from  the  MM5  sampling  train  is  presented 
in  Table  29.  As  the  table  shows,  very  low  particulate  concentrations  were 
detected  in  the  stack. 

The  volume  sampled  and  mass  of  particulate  collected  in  the  N I  OSH  500 
tests  are  listed  in  Table  30.  Although  a  1 arge  sample  volume  was  drawn  in 
each  of  the  tests,  little  particulate  was  actually  collected.  The  largest 
amount  of  particulate  collected  was  on  Filter  28  which  was  located  in  Stack  4 
while  a  large  piece  was  being  sanded  on  the  edge  of  Section  2  (near 
Section  3).  At  the  same  time,  a  filter  was  placed  directly  in  front  of 
Section  2  (Filter  7),  yet  no  particulate  was  collected  on  it.  The  only 
plausible  explanation  is  that  the  Filter  7,  which  was  placed  high  up  to  keep 
it  out  of  the  workmen's  way,  was  above  the  airstream  carrying  the 
particulate.  The  reason  Filter  28  collected  a  considerable  amount  of 
particulate  may  be  that  the  filter  probe  knocked  loose  some  particulate  from 
the  inside  of  the  stack.  Considerable  amounts  of  particulate  were  found 
encrusted  on  the  walls  of  the  stack.  Filter  45  collected  a  detectable  amount 
of  particulate  when  it  was  placed  between  Sections  1  and  2  at  a  time  of 
considerable  painting  activity  in  both  of  these  sections. 

In  summary,  at  the  Travis  Air  Force  Base  paint  facility  in  Building  550, 
it  was  found  that  peak  V0C  concentrations  were  as  high  as  675  ppm  (see 
Table  27).  Particulate  levels  inside  the  booth  were  found  as  high  as 
2.5  mg/nw  (see  Table  30),  and  levels  outside  the  booth  were  up  to  4.4  mg/m7 
(see  Table  30).  This  unusually  high  particulate  concentration  found  in  the 
stack  may  be  due  to  particulate  being  collected  from  the  cake  which  encrusted 
the  stack  walls.  The  highest  estimated  VOC  emission  rate  was  13.8  mg/m3  (see 
Table  27). 

C.  TRAVIS  AIR  FORCE  BASE  —  BUILDING  1014 

A  schematic  of  the  Building  1014  paint  spray  booth  at  Travis  Air  Force 
Base  is  shown  in  Figure  5.  The  facility  is  a  single  booth  measuring  60-feet 
long,  18-feet  wide,  and  18-feet  high.  Air  is  drawn  through  a  series  of 
particulate  filters  in  the  front  faces  and  along  the  perimeter  of  both  main 
doors.  Air  flows  along  the  length  of  the  room  and  passes  through  particulate 
filters  which  cover  the  back  face  of  the  booth.  The  air  is  then  ducted  out 
of  the  room  through  an  exhaust  vent  passing  directly  to  the  exterior  of  the 
building.  The  unit  is  maintained  under  negative  pressure  to  prevent  VOC 
emissions  from  entering  the  surrounding  hangar  area,  thus  significant 
in-leakage  may  occur.  There  are  no  VOC  emission  control  devices  in  place  at 
this  facility.  The  sampling  locations  are  included  in  Figure  5. 
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TABLE  29.  MM 5  PARTICULATE  SAMPLING  RESULTS  --  TRAVIS  AIR  FORCE  BASE 
BUILDING  550 
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TABLE  30. 

NIOSH  500 

RESULTS  — 

TRAVIS 

AIR  FORCE 

BASE,  BUILDI 

MO  ,  <r\ 

no 

Filter 

number 

Date 

Time 

Site 

Section 

Vol  une 
sanpl  ed 
(L  0  STP) 

Part icul ate 
on  filter 
(ng)a 

Mass  (ng) 
particul  ate 
per  n-1 

4 

June  16 

1201-1345 

Filter  7 

2 

153.56 

0.00 

0.0 

9 

0933-1059 

Stack  1 

1 

115.7 

lb 

11 

1016-1114 

Stack  4 

3 

123.6 

I 

14 

1734-1830 

Stack  1 

1 

92.4 

0.00 

0.0 

28 

1730-1824 

Stack  4 

3 

83.6 

0.37 

4.4 

44 

1738-1834 

Filter  7 

2 

84.9 

0.00 

0.0 

18 

June  17 

1653-1829 

Filter  8 

3 

150.4 

I 

22 

0943-1112 

Filter  7 

2 

155.0 

o.no 

0.0 

26 

0940-1058 

Stack  4 

3 

119.8 

I 

27 

.  0930-1056 

Stack  3 

2,3 

130.2 

0.00 

0.0 

36 

1633-1802 

Stack  3 

2.3 

138.8 

0.00 

0.0 

39 

1634-1813 

Stack  2 

1,2 

152.31 

0.00 

0.0 

35 

June  18 

1428-1540 

Filter  6 

2 

110.9 

I 

45 

0924-1054 

Fi Iter  6,7 

1.2 

126.5 

0.28 

2.5 

46 

0936-1111 

Stack  2 

2 

148.9 

0.00 

0.0 

aFi1ter  weights  are  ±0.05  ng. 

^Invalid  sanple  --  filter  was  torn  or  altered  when  it  was  removed  from  sanple 
hoi der. 


Mgure  5.  Schematic  of  Paint  Spray  Booth 
Bui  1 di ny  1014 . 


Travi s  Ai r  Force  Base, 
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1.  Paint  Processes  and  Usage 

The  paints  used  during  the  sampling  period  at  Building  1014  were  the 
same  paints  used  at  Building  550.  It  was,  therefore,  not  necessary  to  take 
additional  paint  samples,  rather  the  results  obtained  from  the  previous 
analyses  were  used. 

The  booth  was  not  divided  into  sections  because  of  its  small  size  and 
the  nature  of  the  ventilation  system.  Records  were  kept  of  the  amount  of 
paint  applied  (the  paint  cans  were  weighed  before  and  after  use),  as  well  as 
the  time  and  rate  it  was  consumed.  These  records  are  summarized  in  Tables  31 
and  32.  The  particulate  and  organic  sampling  results  discussed  in  subsequent 
sections  are  correlated  with  these  records. 

2.  Flew  Measurements 

Daily  anemometer  readings  were  taken  at  the  particulate  filters  alono 
the  back  face  of  the  booth.  Rows  of  1  foot  by  1  foot  square  filter  elements 
make  up  the  four  filter  faces.  Flow  measurements  were  taken  over  each 
element,  then  integrated  to  obtain  the  total  airflow  through  the  booth.  The 
results  of  the  integrated  flow  calculations  are  presented  in  Table  33.  The 
filter  elements  along  the  back  face  of  the  booth  changed  in  color  throughout 
the  test,  which  indicated  that  they  were  clogging  rapidly.  Comparison 
between  the  anemometer  data  taken  June  24,  when  the  filters  had  just  been 
replaced,  and  data  taken  June  30,  at  the  close  of  the  test  illustrates  the 
marked  decrease  (approximately  65  percent)  in  airflow  through  the  filters. 

There  were  no  flow  measurements  taken  using  the  EPA  Method  2  procedure. 
Instead,  results  of  the  MM5  test  procedure  were  used.  The  Method  2  procedure 
is  part  of  the  MM5  test,  thus, volume  flow  measurements  can  be  obtained  from 
the  MM5  results.  Normally,  when  running  MM5  sample  tests,  two  traverses  are 
done  at  90  degrees  to  each  other.  Due  to  the  precariously  high  and  unstable 
location  of  the  vertical  sample  port,  it  was  decided  that  only  horizontal 
traverses  would  be  performed.  The  results  of  the  volume  flow  measurements 
are  given  in  Table  34.  Note  that  the  flow  in  the  ducts  decreased  as  a 
function  of  time.  This  is  most  likely  because  the  particulate  filters 
clogged  . 

Certain  aspects  of  the  ventilation  system  in  Building  1014  cause  the 
volume  flow  data  to  be  suspect.  A  large  fan  is  located  immediately  upstream 
of  the  sample  port  in  the  exhaust  duct,  and  the  duct  itself  is  extremely 
curved.  Both  these  attributes  cause  the  flow  in  the  duct  to  be  nonlaminar. 

A  more  serious  complication  with  the  Building  1014  stack  is  that  the  outlet 
to  the  exhaust  duct  is  flush  with  the  building.  Because  of  the  outlet 
orientation,  the  duct  is  subject  to  large  gusts  of  air  flowing  into  the  duct 
in  the  opposite  direction  to  the  exhaust  flow.  The  MM5  train  operators  could 
feel  these  gusts  when  they  opened  the  sample  port  to  move  the  probe.  All  of 
these  complications  render  the  MM5  volume  flow  measurements  unreliable. 
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TABLE  31.  PAINT  BOOTH  OPERATING  LOG  --  TRAVIS  AIR  FORCE  BASE, 
BUILDING  1014 


Date 

Time 

Paint  time 
(min) 

Comments 

June  24 

1415-1444 

29 

NI 

June  29 

1142-1147 

5 

1  operator 

1150-1156 

6 

1  operator 

1204-1209 

5 

1  operator 

1214-1219 

5 

1  operator 

1226-1231 

5 

1  operator 

1234-1236 

9 

c 

1  operator 

1241-1247 

6 

1  operator 

June  30 

1007-1023 

16 

1  operator,  plane  qate 

1026-1044 

18 

1  operator  ,  pi  ane  gate 

1306-1346 

40 

2  operators,  plane  gate 

1415-1446 

31 

2  operators,  plane  gate 

TABLE  32. 

PAINT  USAGE  LOG  --  TRAVIS  AIR 

FORCE  BASE, 

BUILDING  1014 

Amount 

used 

Date 

Time  Paint  type 

(kgl 

Comments 

June 

24 

1415-1444 

Polyurethane  Green 

NIa 

NI 

June 

29 

1142-1147 

Aircraft  primerb 

7.62 

1 

operator 

1150-1156 

Aircraft  primer 

7.6 

1 

operator 

1204-1209 

Aircraft  primer 

8.72 

1 

operator 

1214-1219 

Aircraft  primer 

7.63 

1 

operator 

1226-1231 

Aircraft  primer 

7.44 

1 

operator 

1234-1236 

Aircraft  primer 

3.68 

1 

operator 

1241-1247 

Polyurethane  green 

8 

1 

operator 

June 

30 

1007-1044 

Aircraft  primer 

4 

1 

operator 

1306-1346 

Pol yurethane  green 

10.9 

2 

operators 

1415-1446 

Pol yurethane  green 

8.5 

2 

operators 
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TABLE  33.  VOLUMETRIC  FLOWRATE  ANEMOME TER  DATA  — 
TRAVIS  AIR  FORCE  BASE,  BUILDING  1014 


Site 

June  24 

June  30 

Filter  1 

3,390 

1,220 

Filter  2 

3,420 

970 

Filter  3 

3,100 

1,115 

Filter  4 

3,320 

1,205 

Total  (cfm) 

13,230 

4,510 

Temperature  (°F) 

70 

70 

Barometric  pressure  (in.  Hg) 

28.3 

28.8 

Total  (cfm  @  STP) 

12,447 

4,318 

Total  (Lpm  0  STP) 

352,250 

122,199 

TABLE  34.  VOLUMETRIC  FLOWRATE  EPA  MM 5  RESULTS  — 
TRAVIS  AIR  FORCE  BASE,  BUILDING  1014 


Volume  flow 

Date 

June  29 

June  30 

June  30 

cfm  0  STP 

:  16787 

15835 

14437 

Lpm  0  STP: 

:  475072 

448131 

408557 

45 
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The  large  discrepancy  which  exists  between  the  anemometer  data  and  the 
MM 5  volume  flow  measurements  can  be  partially  explained  by  the  fact  that 
considerable  leakage  occurred  around  the  filter  elements  in  the  booth.  Small 
cracks  (1/4  to  1/2  inches  wide)  were  observed  between  the  filter  element  edge 
and  the  frame  holding  the  element.  As  the  filter  became  clogged,  the  airflow 
through  these  cracks  increased,  which, in  turn, caused  the  flow  through  the 
f il  ters  to  decrease . 

3.  QC  Measurements 

The  results  of  the  organic  module  analysis  of  the  MM5  tests  are 
presented  in  Table  35.  During  the  Test  1  interval,  29  minutes  of  painting 
occurred  in  the  booth,  thus,  large  concentrations  of  organics  were  detected. 
Tests  3  and  4  were  also  done  during  long  painting  intervals.  Although  some 
organics  were  detected,  the  concentrations  detected  were  considerably  lower 
than  expected. 

The  results  of  the  EPA  Method  25A  and  BAAQMD  Method  ST-7  sampling  trains 
are  shown  in  Tables  36  and  37.  The  results  of  mass  balance  calculations, 
based  on  the  ST-7  and  NIOSH  1300  speciation  data  and  the  paint  usage  log,  are 
also  presented  in  Table  37.  Agreement  between  the  amount  of  paint  used 
during  the  sampling  interval  and  the  amount  of  hydrocarbons  detected  by  the 
ST-7  sampling  train  is  within  70  percent. 

During  the  sample  time  interval  1310  to  1355,  large  quantities  of  paint 
were  consumed;  correspondingly,  high  VOC  concentrat ions  were  detected  in  the 
stack.  The  peak  concentration  found  was  1,150  ppm,  after  subtracting  the 
background  C O2 .  The  piece  that  was  painted  at  this  time  did  not  have  a  solid 
surface;  thus,  overspray  was  significant.  These  high  concentrations  were  due 
to  the  fact  that  most  of  the  paint  consumed  during  this  time  interval  did  not 
adhere  to  the  piece  being  painted.  Therefore,  a  greater  volume  of  paint  per 
unit  area  is  required  for  1  arge  pieces  having  small  surface  areas  than  for 
large  pieces  having  large  surface  areas.  During  the  sample  interval 
immediately  following,  no  painting  took  place  and  the  piece  was  left  to  dry. 
At  this  time,  the  VOC  concentrations  were  comparat i vel y  quite  low  (the  peak 
VOC  concentration  found  was  50  ppm  after  subtracting  the  CO2  background). 
Because  the  total  surface  area  of  the  piece  was  small,  relatively  few 
hydrocarbons  were  emitted  while  the  piece  dried. 

The  sampling  intervals  and  volumes  used  in  the  NIOSH  1300  tests  are 
presented  in  Table  38,  along  with  the  results  of  speciation  analyses  done  on 
each  charcoal  tube.  The  hydrocarbon  species  data  were  used  in  the  mass 
balance  calculations  described  in  the  previous  section. 

Tube  905471  was  placed  in  the  spray  booth  while  paint  was  being  applied, 
however  the  quantity  of  paint  consumed  was  not  recorded.  Tubes  905470, 
905473, and  905474  were  also  sampling  in  the  booth  while  large  quantities  of 
paint  were  being  applied.  It  is  not  known  why  little  or  no  VOCs  were 
collected  by  these  filters. 
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TABLE  35.  MM 5  ORGANICS  SAMPLING  RESULTS  —  TRAVIS 
BUILDING  1014 

AIR  FORCE 

BASE, 

Test  1 

Test  2 

Test  3 

Blank 

Date 

Time 

Site 

Volume  sampled  (cf  @  STP) 
Volume  sampled  (L  @  STP) 

June  29 

1150-1250 

Stack 

29.2 

826 

June  30 
1008-1108 
Stack 

25.5 

722 

June  30 

1310-1410 

Stack 

23.0 

653 

Semi  volatile  compounds 
detected  ( y g /sample) 

Phenol 

109 

29 

6 

0 

1,3-Dichlorobenzene 

4 

0 

0 

0 

1,2-Dichlorobenzene 

5 

0 

0 

0 

Naphthalene 

15 

8 

7 

4 

Diethyl phthal  ate 

4 

0 

8 

1 

n-Nitrosodiphenylami  ne 

7 

/ 

8 

10 

8 

Di-n-butyl phthal ate 

4 

0 

0 

0 

Butyl  benzyl phthalate 

6 

3 

1 

1 

bis(2-Ethylhexyl )phthalate 

14 

21 

98 

0 
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TABLE  36.  METHOD  25A  RESULTS  --  TRAVIS  AIR  FORCE  BASE  ,  BUILDING  1014 


Day  Site 

Time 
i  nterval 

Sample 

time 

(min) 

Pa  i  nt 
time 

(mi  n ) 

Peak 

(ppma) 

Background 

organic 

carbon 

(ppm) 

Approximate 

average 

(ppj#) 

Integrated 

total 

(ppm*5  min) 

June  30  Stack 

1005-1020 

15 

13 

16.5 

3 

12 

120.6 

1020-1035 

15 

12 

27 

3 

12 

195 

1035-1050 

15 

9 

28.5 

3 

18 

225 

1310-1325 

15 

15 

399 

3 

207 

3,069 

c 1 325—1 340 

13 

1 5 

399 

3 

237 

3,384 

d 1 340-1355 

3 

6 

115.5 

3 

112.7 

171 

1415-1430 

15 

15 

237 

12 

123 

1,809 

1430-1445 

15 

15 

360 

1? 

228 

4,494 

1445-1500 

15 

1 

360 

12 

153 

2,847 

app m  refers 

to  carbon. 

-ppm  refers 

to  carbon  concentration  minus  the 

background  levels. 

c  Instrumc  nt 

off  scale  due  to  high  concentrations;  did  not 

record  for  2 

minutes. 

d Sample  time 

.  short  due  to  zeroing  of  instrument  during  sample  time  interval. 
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TABLE  38.  NIOSH  1300  RESULTS  —  TRAVIS  AIR  FORCE  BASE,  BUILDING  1014 


Charcoal 

Vol ume 

tube 

sampl  ed 

VOC ' s  detected 

number 

Date 

Time 

Site  (L  0  STP ) 

(mg)a 

905471 

June 

29 

1445-1511 

Booth 

9054/4 

June 

30 

1002-1050 

Booth 

9  15470 

June 

30 

1003-1031 

Booth 

905473 

June 

30 

1040-1130 

Booth 

905480 

June 

30 

1309-1339 

Stack 

905469 

June 

30 

1342-1414 

Stack 

2.76 

0.052  Butyl  acetate 

0.16  o-Xylene 

0.085  m-Xylene 

0.015  p-Xylene 

0.112  4-Methyl -2-pentanone 

2.67 

0.001 

o-Xyl ene 

2.89 

ND 

4.85 

ND 

2.97 

0.112 

0.189 

0.044 

0.019 

0.123 

Butyl  acetate 
o-Xyl ene 
m-Xyl ene 
p-Xyl ene 

4-Methyl  -2-pentanone 

2.75 

0.006 

0.029 

0.002 

0.001 

0.004 

Butyl  acetate 
o-Xyl  ene 
m-Xyl ene 
p-Xyl ene 

4-Methyl -2-pentanone 

Tube  905469  was  placed  in  the  stack  while  large  quantities  of  paint  were 
consumed,  which  explains  the  large  concentrations  detected  in  the  filter. 

Only  2  minutes  of  painting  were  done  during  the  time  that  Tube  905480  was  in 
the  stack.  It  was  expected  that  little  or  no  VOCs  would  be  detected,  and 
none  were. 

4.  Particulate  Concentration  Measurements 

The  particulate  data  garnered  from  the  MM5  sampling  train  are  presented 
in  Table  39.  The  particulate  concentrations  detected  in  the  stack  were  high. 
It  is  interesting  to  note  that  the  particulate  levels  increase  as  a  function 
of  time.  This  would  indicate  that,  as  the  filters  become  clogged,  the  flow 
through  the  cracks  around  the  filter  elements  increased,  which, in  turn, caused 
an  increase  in  the  stack  particulate  concentration. 

The  volume  sampled  and  mass  of  particulate  collected  in  the  NIOSH  500 
tests  are  listed  in  Table  40.  It  is  clear  that  significant  quantities  of 
particulate  were  present  inside  the  paint  booth  while  paint  was  being 
applied.  During  the  time  interval  in  which  Filters  1  and  42  were  collecting 
particulate,  29  minutes  of  painting  occurred.  Filters  17  and  25  were 
sampling  during  a  34-minute  painting  period.  In  each  case,  it  was  expected 
that  large  quantities  of  particulate  would  be  collected. 

In  summary,  at  the  Travis  Air  Force  Base  paint  facility  in 
Building  1014,  V0C  concentrations  were  found  as  high  as  1,500  ppm  (see 
Table  37).  Particulate  concentrations  were  found  to  be  16  mg/tv  inside  the 
booth  (see  Table  27).  The  peak  estimated  V0C  emission  concentration  was 
58.3  mg/m3  (see  Table  37). 
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TABLE  39.  MM5  PARTICULATE  SAMPLING  RESULTS  —  TRAVIS  AIR  FORCE  BASE 
BUILDING  1014 


Piste 

Time 

Sanpl  e 
site 

Stack  gas 
noi sture 
(percent) 

Stack  gas 
temperature 
(°F) 

Sample 
vol  une 
(cf  8  STP) 

Vol  umetric 
flowrate 
(scfn) 

Part icul ate 
weight 
(±0.0005  g) 

Particulate 
concentration 
(mg/scf ) 

Particulate 

emission 

rate 

(9/m) 

June  29 

1150-1250 

Exhaust 

vent 

2.2 

74 

29.16 

16,787 

0.0037 

4.48 

2.13 

Oune  30 

1000-1108 

Exhaust 

vent 

2.3 

71 

25.47 

15,835 

0.0041 

5.69 

2.55 

June  30 

.310-1410 

Exhaust 

vent 

2 

75 

23.03 

14,437 

0.0054 

6.29 

3.39 

TABLE  40.  NIOSH  500  RESULTS  --  TRAVIS  AIR  FORCE  BASE,  BUILDING  1014 


Fi 1  ter 
number 

Date 

Time 

Site 

Vol ume 
sampl  ed 
(L  0  STP) 

Particul ate 
on  filter 
(mg) 

Mass  (mg) 
particul ate 
per  m3 

1 

June  24 

1414-1542 

Inside 

123.96 

0.06 

0.47 

42 

1415-1544 

Inside 

116.9 

0.48 

4.1 

17 

June  39 

1142-1252 

Inside 

95.09 

0.9 

9.5 

25 

1142-1252 

Inside 

98.41 

1.45 

14.7 

SECTION  III 


CONTROL  CONCEPTS 

The  three  general  approaches  to  controlling  VOC  emissions  from  painting 
facilities  are: 

•  Process  and  equipment  change 

•  Reformulation 

•  Add-on  devices 

Each  of  these  methods  are  di cussed  in  detail  in  the  following 
paragraphs. 

A.  PROCESS  AND  EQUIPMENT  CHANGE 

This  method  entails  altering  the  paint  application  process.  At  the 
McClellan  spray  booth,  paint  was  applied  with  an  air-assisted  airless  spray 
technique,  in  which  the  paint  was  forced  through  a  small  orifice  at  high 
pressure  and  atomized  as  it  leaves  the  spray  gun.  At  Travis,  the  paint  was 
applied  with  air-atomized,  conventional  spray  equipment.  For  this  process, 
compressed  air  is  used  as  the  atomizing  agent  for  the  paint  spray. 

Alternate  paint  application  techniques  are  available  on  the  market;  the 
most  promising  being  the  electrostatic  spray  method.  In  this  process,  paint 
particles  are  charged  to  a  high  potential  as  they  pass  through  an  electrode. 
The  surface  to'  be  Codted  is  grounded  so  that  it  is  at  a  iow  potential 
compared  to  the  paint  particles.  Attraction  between  the  electrically  charged 
paint  particles  and  the  surface  causes  the  paint  to  be  drawn  to  the  surface, 
thus  reducing  overspray.  One  drawback  to  the  electrostatic  spray  coating 
method  is  that  paints  with  a  high  conductivity  cannot  be  applied  because  the 
paint  particles  do  not  become  highly  charged.  Furthermore,  if  an 
electrostatic  spray  system  is  installed,  certain  precautions  must  be  taken  to 
preclude  an  explosion  hazard  (6).  With  adequate  safety  rules,  proper 
equipment,  and  safeguards,  this  should  not  be  a  problem  (4). 

The  principal  factor  used  to  compare  paint  application  technologies  is 
the  transfer  efficiency  of  the  device.  The  transfer  efficiency  is  determined 
by  the  environment,  the  paint,  the  piece  being  painted,  worker  ability,  and 
equipment  condition.  Results  of  comparison  studies  done  on  the  range  of 
transfer  efficiencies  of  air  atomized,  airless,  and  electrostatic  spray 
techniques  are  presented  in  Table  41.  Identical  tests  were  performed  on 
three  target  types:  flat  plate,  vertical  cylinder,  and  a  miscellaneous  flat 
target.  From  the  resu.lts,  it  is  clear  that  the  transfer  efficiency  is 
strongly  dependent  on  target  type  (6). 

These  results  indicate  that, given  identical  operating  conditions,  tne 
electrostatic  spray  technique  is  consistently  the  most  efficient  of  the  three 
paint  application  methods.  The  airless  spray  technique  is  slightly  more 
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efficient  than  the  air  spray  method  for  a  flat  plate  target,  otherwise  they 

are  virtually  identical. 

A  product  literature  survey  was  done  to  compare  the  transfer  efficiency 
ranges  of  other  paint  application  techniques  available.  These  spray  devices, 
along  with  the  approximate  transfer  efficiency  ranges  associated  with  them, 
are  listed  in  Table  42. 

Another  possible  equipment  change  is  to  modify  the  spray  booth  in  such  a 
way  as  to  make  VOC  reduction  devices  more  easily  adopted.  The  most  promising 
modification  is  the  recirculation  of  a  large  portion  of  the  exhaust  air  back 
into  the  spray  booth.  This  modification,  called  recirculation,  allows  a 
reduction  in  the  volume  flow  which  requires  processing.  Reci rcul ation  is 
discussed  in  detail  in  Section  4. 

B.  REFORMULATION 

The  reformulation  option  entails  changing  the  paints  and  solvents  that 
are  used.  In  general,  low-solvent  coatings  with  a  high  solids  content  or 
waterborne  coatings  are  substituted  for  high-solvent  coatings.  This  option 
is  possible,  but  not  very  likely  because  of  the  great  variety  of  paints  and 
coatings  used  by  the  Air  Force.  Changing  the  paint  composition  would  also 
require  changing  the  military  specifications  for  coatings  used  in  the 
facilities  included  in  this  report. 

C.  ADD-ON  DEVICES 

Because  of  their  effectiveness,  these  are  perhaps  the  most  promising 
options  for  the  paint  spray  booth  facilities  at  Travis  and  McClellan  Air 
Force  Bases.  There  are  two  types  of  add-on  devices  available:  collection 
devices  and  destruction  devices. 

1.  Collection  Devices 

This  type  of  control  device  is  generally  used  if  the  market  value  of  the 
collected  solvents  is  high.  There  are  two  types  of  collection  devices: 

•  Carbon  adsorption  is  a  process  in  which  the  solvent-laden  air  is 
passed  through  a  carbon  filter  cartridge  where  the  solvents  are 
collected  by  adsorption  on  the  charcoal.  The  solvents  are  retrieved 
by  heating  the  cartridge  to  vaporize  the  solvents,  which  are  then 
collected  in  a  condenser. 

°  Condensation  is  a  process  whereby  the  solvent-laden  air  is  cooler, 
and  the  solvents  are  condensed  out  of  the  flow.  A  recent 
advancement  in  this  technology  is  the  development  of  a  turbine 
expansion  process  which  cools  a  solvent/air  mixture.  Research  by 
the  Department  of  Energy  (DOE)  is  underway  to  evaluate  this 
technology. 


TABLE  42.  PAINT  SPRAY  TECHNOLOGIES  AND  ASSOCIATED 
TRANSFER  EFFICIENCIES  FOR  A  MISCELLANEOUS 
FLAT  TARGET 


Spray  dev  ice 


Transfer  efficiency 
Range  (%) 


Ai  r  assi sted  ai rl ess 
El ectrostatic  air 

Electrostatic  air-assisted  airless 


25  to  45 
45  to  75 
55  to  85 


Tne  nest  viable  of  these  methods  is  the  carbon  adsorption  process 
oecr.use  if  requires  minima-1  eouipnent  change,  as  well  as  comparatively  little 
energy . 


2.  Destruction  Devices 

The  two  nost  common  methods  nc  solvent  destruction  both  involve 
l nc i nerat i on .  They  are: 

o  Thermal  incineration,  in  which  the  solvent-laden  air  must  be  heated 
to  approximately  1  ,400°F  to  ensure  90  to  98  percent  destruction.® 

•  Catalytic  incineration,  in  which  tne  solvent  laden  air  must  be 
heated  to  1,00C°F  for  the  sane  level  of  destruction  (6). 

If  the  market  value  of  the  rerove  red  solvents  is  low  (as  is  the  case  for 
the  ‘ir  Force  paint  spray  booths),  it  may  be  more  economical  to  incinerate 
the  ohaust  solvents  contained  in  the  air  than  to  collect  them  (6). 
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SECTION  IV 


RECIRCULATION  MODIFICATIONS 


A.  BACKGROUND  AND  PURPOSE 

Based  on  the  control  concepts  discussed  in  Section  3,  it  is  obvious  that 
a  combination  of  control  options  nay  be  required.  Thus,  the  use  of 
reci rculation  in  conjunction  with  add-on  control  systems  nay  be  the  most 
viable  and  economical  approach  to  controlling  VOC  emissions  from  paint  spray 
booths.  The  emission  characterization  tests  conducted  in  this  program  were 
intended  to  provide  baseline  data  for  the  design  of  recirculation 
modifications  to  applicable  spraybooths.  The  modifications,  coupled  witn  an 
add-on  control  system,  represent  a  potential ly  v iabl e  and  economical  VOC 
emission  control  concept. 

The  removal  efficiency  of  a  VOC  control  device  in  tens  of  energy  used, 
as  well  as  percent  of  solvents  collected  or  destroyed,  is  a  function  cf 
se/eral  variables,  such  as: 

•  Solvent  concentrations 

o  Flowrates 

•  Temperatures 

o  Solvent  composition 

o  Mechanical  efficiency  of  the  specific  VOC  control  technology  { i  . e .  , 
condensation  versus  incineration) 


Although  these  variables  are  not  mutually  independent,  they  must  be 
optimized  to  create  an  efficient  and  safe  control  system. 

A  cost-effective  way  to  remove  solvents  from  air  flowing  through  a  paint 
spray  booth  is  to  decrease  the  amount  of  air  which  recui res  processing  and, 
simultaneously,  increase  the  solvent  concentration  in  the  air.  This  is  best 
accomplished  by  recirculating  the  exhaust  air  back  into  the  spray  booth.  Tr 
maintain  the  VOC  concentration  well  below  safety  limits,  a  portion  of  the 
reci  rcul  ati  ng  air  is  bled  off  and  routed  to  an  add-on  VOC  removal  device 
(i.e.,  carbon  adsorption  bed,  incinerator,  etc.).  The  air  which  is  bled  off 
is  replaced  with  external  makeup  air.  This  process,  called  recirculation, 
greatly  reduces  the  quantity  of  air  which  requires  processing,  which  in  turn 
reduces  the  size  and  number  of  add-on  VOC  control  devices  and  greatly 
improves  removal  economics.  There  is  a  possibility  that  the  reci rcul ati on 
system  design:,  presented  in  this  section  may  already  be  patented  (7).  In  this 
case,  permission  from  the  patent  holder  may  be  required  before  the 
recirculation  systems  can  be  installed. 

This  section  describes  general  issues  whhch  mus*:  be  considered  in 
designing  a  recirculation  system.  In  addition,  site-specific  issues  are 
addressed  which  pertain  to  each  of  the  paint  spray  facilities  included  i  •• 
this  study. 


B. 


DESIGN  CONSIDERATIONS 


The  salient  points  to  he  considered  in  developing  a  recirculation  system 

a  re : 

•  Federal,  state  and  local  safety  standards  must  be  met. 

•  Product  quali.y  must  not  be  affected. 

1.  Safety  Standards 

The  safety  standards  wnich  must  be  considered  are  put  forth  by  the 
National  Fire  Protection  Association  (NFPA)  and  the  Occupational  Safety  and 
Health  Administration  (OSHA).  To  eliminate  the  possibility  of  fire  and 
explosions  in  painting  operations,  NFPA  regulations  suggest  and  OSHA  requires 
tnat  sufficient  ventilation  air  be  present  to  dilute  the  airborne  solvents  to 
a  concentration  below  25  percent  of  the  Lower  Explosive  Limit  (LEL)  (6).  The 
LEL  is  the  solvent  concentration  below  which  a  mixture  of  air  and  solvents 
will  not  sustain  combustion.  A  list  of  common  paint  solvents  with  the 
correspond! ng  LEL  values  is  given  in  Table  43. 

To  prevent  dangerous  exposure  to  high  concentrati ons  of  hazardous 
compounds,  OSHA  requires  that  workers  not  be  exposed  to  solvent 
concentrati ons  in  excess  of  the  threshold  limit  value  (TLV).  This  value  is 
the  maximum  concentration  at  which  no  adverse  health  effects  will  be 
experienced  by  workers.  In  general,  TLV  concentrations  are  much  lower  than 
25  percent  of  tne  LEL  (8).  However,  if  full  protection  is  provided  for  the 
worker  (i.e.,  sealed  suits  and  an  air-supplied  respirator),  the  TLV 
requirement  is  not  an  issue,  and  the  solvent  concentration  can  be  increased 
to  25  percent  of  the  LEL  (9). 

Because  the  spray  booths  included  in  this  study  are  under  the 
jurisdiction  of  the  Department  of  Defense,  the  safety  standards  with  which 
they  must  comply  are  defined  by  Federal  OSHA  requirements.  Paint  booth 
facilities  operated  by  private  interests  must  comply  with  state  and  local 
safety  requirements  which  are  generally  more  stringent  than  Federal  OSHA 
requirements.  For  example,  the  California  OSHA  does  not  allow  recirculation 
in  paint  spray  booths.  Before  designing  paint  spray  booth  modifications,  the 
applicable  safety  and  health  requirements  should  be  investigated. 

2.  Product  Quality 

The  increase  of  VOC  concentrations  in  the  spray  booth  may  have  an  impact 
on  the  product  quality  in  a  number  of  ways.  If  several  paint  colors  are  used 
continuously,  the  piece  which  is  painted  last  may  have  a  color  pattern 
different  from  what  the  operator  desires.  This  can  be  minimized  by 
efficiently  filtering  the  air  before  it  is  recirculated  back  into  the  booth. 
This  has  not  been  a  problem  at  other  large-scale  recirculation  projects  (10). 
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The  increase  in  solvent  concentrations  in  the  air  as  a  result  of 
recirculation  may  cause  an  increase  in  the  time  requi red  to  dry  a  freshly 
painted  p'^ce.  The  solvent  emission  rate  from  a  painted  surface  (i.e.  the 


TABLE  43.  COMMON  PAINT  SOLVENTS  WITH  CORRESPONDING 
VALUES  FOR  25  PERCENT  LEL 


25  percent  of  of  the  LEl 
Solvent  (percent  by  volume) 


Acetone 

0.65 

Ethanol 

1.075 

Isopropyl  alcohol 

U.5 

MEK 

3.45 

Toluene 

0.35 

Xyl ene 

U  .25 

2  Butoxy  ethanol 

0 . 35 

Butyl  acetate 

5.35 

4-Methyl -2-pentanone 

0.34 

drying  rate)  is  driven  by  the  solvent  diffusion  gradient.  Lowering  the 
gradient  (by  increasing  the  solvent  concentration  in  the  drying  air)  may 
decrease  the  drying  rate.  However,  this  should  not  be  a  problem  because  tne 
VOC  concentration  in  the  booth  will  always  be  well  below  the  saturation 
level . 


C.  PROPOSED  RECIRCULATION  MODIFICATION;  McCLELLAN  AIR  FORCE  BASE  -- 

BUILDING  655 

The  spray  booth  ventilation  system  at  Building  655  is  complex,  and 
installing  a  recirculation  system  will  requi re  rerouting  of  the  duct  work.  A 
schematic  diagram  of  a  conceptual  reci rculation  design  is  given  in  Figure  6. 
For  the  sake  of  comparison,  a  schematic  of  the  booth  as  it  now  stands  is  give 
in  Figure  6.  The  key  consideration  in  designing  a  recirculation  system  is 
balancing  the  pressure  drops  across  the  ducts  and  filters.  Calculations 
described  in  Section  IV. E  were  used  to  determine  the  bleed-off  rate  required 
to  maintain  the  VOC  concentrations  in  the  booth  well  below  the  25  percent 
LEL.  Allowing  for  a  safety  factor  of  2,  it  was  determined  that  the  minimum 
required  flowrate  is  1,500  cfm  at  STP. 

In  this  recirculation  system  design,  the  exhaust  ducts  from  the  sumps 
are  rerouted  so  that  Ducts  1,  2,  5,  and  6  exhaust  to  a  charter  at  one  end  of 
the  booth,  and  Ducts  3,  4,  7,  and  8  exhaust  to  a  chamber  situated  at  the 
opposite  end.  Bleed  ducts  leading  from  each  of  these  chanters  connecter 
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Chamber 


Schema 


together  and  routed  to  the  VOC  control  device,  which  will  probably  be  located 
outside  of  the  building.  Host  of  the  air  in  the  exhaust  chanter  passes  to 
the  recirculation  chanber,  where  it  nixes  with  fresh  air  ducted  in  fron  the 
outside  and  is  reintroduced  into  the  spray  booth. 

Because  the  VOC  concentration  in  the  booth  is  a  function  of  where  in  the 
booth  paint  is  applied,  it  is  possible  to  have  a  high  VOC  level  at  one  end  of 
the  booth,  and  a  much  lower  level  at  the  other  end.  For  this  reason,  it  was 
decided  that  an  LEL  monitor  should  be  placed  in  each  of  the  exhaust 
chambers . 

The  amount  of  in-leakage  which  occurs  around  the  ooors  of  the  spray 
booth  should  be  minimized  for  two  reasons.  The  air  which  leaks  in  is  not 
filtered,  thus, it  carries  particulate  and  contaminants  into  the  booth.  The 
second  reason  is  that  the  air  which  leaks  in  is  not  nixed  with  the 
recirculated  air.  This  may  cause  localized  high  VOC  concentrations  which  are 
potentially  hazardous.  The  makeup  air  which  enters  the  booth  should  come 
primarily  through  the  external  makeup  air  duct  and  be  mixed  thoroughly  with 
the  recirculated  air  before  being  filtered  and  vented  into  the  spray  booth. 
The  makeup  air  does  not  necessarily  have  to  come  from  outside;  the  only 
requirement  is  that  the  source  be  external  to  the  spray  booth,  away  fron 
stacks  or  vents.  Not  all  the  in-leakage  can  be  eradicated,  however,  because 
a  negative  pressure  must  be  maintained  in  the  spray  booth  to  prevent  solvent 
laden  air  from  escaping  into  the  surrounding  area. 

The  makeup  air  duct  also  serves  to  immediately  flush  the  booth  with 
outside  air  in  the  event  that  high  VOC  concentrations  are  detected  by  the  LEL 
monitor.  If  this  happens,  dampers  in  the  makeup  air  and  exhaust  ducts  open, 
which  returns  the  booth  to  a  single-pass  ventilation  operation.  When  the 
high  VOC  concentration  is  sufficiently  low,  the  v entil ati on  system  returns  ‘  : 
normal  operation. 

It  was  estimated  that  materials  and  installation  costs  for  the 
reci rcul ation  sys:sn  illustrated  in  Figure  6  would  be  approximately  $60,470. 
This  estimate  does  not  include  the  investment  and  installation  costs  of  the 
actual  '/nC  emission  control  device  (i.e.,  incinerator,  carbon  adsorption  bed, 
etc.),  nor  does  it  include  the  cost  of  the  LEL  detector  and  damper  control 
system.  The  estimate  does  include  the  cost  of  routing  the  bleed-flow  out  of 
Building  655  and  down  to  the  ground.  A  breakdown  of  the  approximate  costs  is 
given  in  Table  44. 

It  should  be  noted  that  in  the  material  cost  estimation,  it  was  assumed 
that  several  pieces  of  equipment  currently  in  place  could  be  used  in  the  new 
design.  The  following  is  a  list  of  the  equipment  which  may  be  reused:  two 
air  supply  fans,  eight  exhaust  air  fans,  supply  air  diffusers,  exhaust  air 
grilles,  supply  air  ductwork  (if  practical)  and  duct  and  fan  support 
structures  (if  practical). 


Installation  and  operating  cost  estimates  have  also  been  performed  for 
both  carbon  adsorption  and  incineration  VOC  enission  control  systems.  These 
are  discussed  in  the  following  paragraphs.  The  relevant  operati'%  parameters 


TABLE  44. 

COST  TO  CONSTRUCT  RECIRCULATION  SYSTEM  --  McCLELLAN 
AIR  FORCE  BASF,  BUILDING  655 

L)uant  i  ty 

Part  description 

Approximate 

cost 

6C  LF 

60-in.  sq.  duct  (qalv.  ST1) 

S142/LF  =  8,520 

90  LF 

60-in.  <}>  duct  ( gal v  .  ST1) 

$95/LF  =  8,550 

4U  LF 

48-in.  <j>  duct  (qalv.  ST  1 ) 

S47/LF  =  1,880 

80  LF 

34-in.  <j>  duct  (galv  .  ST1) 

S35/LF  =  2,800 

50  Lr 

9-i  n .  4>  duct  (gal v  .  ST1 ) 

S5/LF  =  250 

8/i  LF 

6-i n .  $  duct  (galv  .  ST  1 ) 

S4.5/LF  =  360 

4  LA 

34-in.  (p  x  90°  elbow  (galv.  ST1) 

$572 /ea  =  2,288 

4  FA 

48-in.  <p  x  90°  elbow  (galv.  ST  1 ) 

$8 58/e a  =  3,432 

2  EA 

60-in.  4>  x  90°  elbow  (galv.  ST1) 

$1 ,100/ea  =  2,2C 

5  LA 

60-in.  notorized  damper 

$900/ea  =  4,500 

L  LA 

60-in.  blowers 

$1  ,300/ea  =  2,6C 

3  LA 

60  in.  sq  bird  and  insert  screen 

«900/ea  =  2,700 

1  FA 

Vapor  monitor 

Not  included 

i  FA 

Bleed  process  equipment 

Not  included 

Total  1 abor  and  nateri al 

$40,000 

Tax 

$  1 ,600 

Uerieral 

contractor  markup 

S  4,800 

Total 

$46  ,480 

wont  i ncj< 

nry 

$  8,830 

Engi  neeri  ntj  fees  (excluding  process 

$  5,000 

e  qu i pne  n L  ) 

Two  air- 

■supplied  sealed  suits 

$  160 

Brand  Total  (excluding  process 

$60,470 

equipment  and  non i tor) 

— """  *  * 

6? 

V-iV’AS'-.'VvVA 

>  v'/LV  'j  o  v//.  f_  /  /. 

in  determining  installation  and  operating  costs  of  carbon  adsorption  or 
incineration  systems  are  the  flow  rate  and  the  solvent  concentration.  For  f ><; 
McClellan  facility,  a  bleed  rate  of  1,500  cfm  is  optimal.  This  will  result 
in  a  VOC  concentration  ranging  from  0  to  1,000  ppm. 

Cost  projections  for  an  activated  carbon  adsorption  system  consider 
several  issues.  The  carbon  adsorption  efficiency  depends  on  the  molecular 
weight  and  the  polarity  of  the  solvent,  as  well  as  the  type  of  activated 
carbon.  The  adsorption  efficiency  of  fresh  carbon  varies  from  0.4  to 
1.0  grams  of  solvent  adsorbed  per  gram  of  carbon  (11).  Another  consideration 
is  that,  after  the  first  regeneration  cycle,  the  carbon  typically  has  less 
than  one-half  of  the  adsorption  capacity  of  fresh  carbon. 

Regeneration  of  the  saturated  carbon  nay  be  accomplished  in  a  number  of 
ways.  Onsite  regeneration  is  possible  with  steam  stripping  or  hot-air 
regeneration  devices  operated  in  conjunction  with  the  carbon  bed.  The  carbon 
may  be  hauled  to  an  offsite  regeneration  facility,  or  it  may  be  disposed  of 
by  landfill  or  incineration.  The  appropriate  regeneration  or  disposal  method 
is  determined  by  economic  considerations.  This  study  determined  that  a 
steam-stripping  unit  would  be  the  most  viable  option  for  carbon 
regeneration. 

The  total  installed  cost  for  a  carbon  adsorption,  steam  stripping  unit 
is  approximately  $80,000  to  $90,000.  The  bed  will  require  regenerating  every 
2  to  3  days  if  the  booth  is  operated  24  hours  per  day.  Each  regeneration 
cycle  will  produce  250  to  300  gallons  of  water  containing  10  percent 
solvents  Cl  1 ) .  If  this  wastewater  can  be  treated  onsite,  the  daily  operation 
costs  may  be  low.  If,  however,  the  wastewater  must  be  disposed  of,  costs  o* 
$1,130  to  $1,590  may  be  incurred  per  regeneration  cycle. 

The  total  installed  cost  for  an  incineration  system  equipped  with  a 
primary  heat  recovery  unit  is  approximately  $40,000  to  $50,000.  If  the 
incoming  air  is  preheated  to  600°F  the  natural  gas  requirement  will  range 
from  18.9  to  25  scfn,  depending  on  the  influent  solvent  concentration  (111. 

For  a  natural  gas  cost  of  $4  per  1,000  scf,  this  translates  to  $100  to 
$144/day. 

For  process  air  containing  solvent  concentrations  between  1,000  ppm  and 
25  percent  of  the  LEL,  an  incineration  systen  which  takes  advantage  of  tne 
fuel  value  of  the  solvent  in  the  air  is  probably  more  economical  than  a 
carbon  adsorption  system  (6). 

D.  TRAVIS  AIR  FORCE  BASE  --  BUILDING  550 

Because  of  the  complexity  of  the  ventilation  systen  at  Building  550,  't 
was  decided  to  to  develop  a  list  of  issues  and  concerns  which  must  be 
addressed  before  designing  a  recirculation  systen. 

The  first  issue  of  concern  is  to  determine  peak  paint  usage  rates  in  tne 
spray  booth  so  that  a  ninimun  bleed-off  rate  can  be  determined.  The  maximum 
paint  usage  rate  at  the  550  spray  booth  was  3.97  kg  in  23  minutes,  whic1: 
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translates  to  approxi mately  10  kg  per  hour.  Another  consideration  is  the 
fact  that  the  paint  used  at  spray  booth  facilities  is  composed  of  many 
solvents,  thus, it  must  be  decided  which  LEL  value  should  be  used  in 
determining  maximum  allowable  VOC  concentrations  in  the  booth.  If  the  LEL  of 
a  particular  solvent  of  interest  is  considerably  smaller  than  the  LEL  values 
of  any  other  solvents,  it  is  likely  that  the  lowest  LEL  value  will  be  used. 

A  complication  unique  to  the  Building  550  facility  is  that  significant 
in-leakage  occurs  behind  the  particulate  filters  at  the  junction  with  the 
exhaust  ducts.  During  the  test  sequence,  it  was  noted  that,  as  the  filters 
became  clogged  with  particulate,  the  in-leakage  increased  (see 
Section  II  B 2.  In  a  reci rcul ati on  system,  this  in-leakage  would  dilute  the 
recirculated  air,  which  would  defeat  the  purpose  of  the  reci rculation  system. 
A  reci rcul ati on  system  design  for  this  facility  would  have  to  eliminate  this 
in-leakage  problem. 

r.  TRAVIS  AIR  FORCE  BASE  --  BUILDING  1014 

Building  1014  nas  been  selected  as  a  possible  site  for  the  installation 
uf  a  pilot  recirculation  system.  This  spray  booth  was  selected  primarily 
because  of  the  simple  ventilation  system  associated  with  it.  Another  reason 
is  that,  because  the  booth  is  used  seasonally  for  8  hours  a  day,  no  major 
painting  operations  would  be  interrupted  during  construction.  The  following 
sections  describe  how  various  health,  safety  and  design  issues  have  been 
addressed  in  developing  a  conceptual  design  of  a  recirculation  system  for  the 
paint  spray  facility  at  Building  1014. 

1.  Peak  Hydrocarbon  Concentrations 

During  the  painting  interval  which  resulted  in  the  highest  VOC 
concentrations  in  the  stack,  the  paint  consumption  rate  was  16.35  kg  per 
hour.  The  paint  used  at  this  time,  polyurethane  green,  has  a  percent 
volatile  concentration  by  weight  of  53.6  percent  (see  Table  20)  which  implies 
that  53.6  percent  by  weight  of  the  paint  is  organic  solvent.  Thus,  at  the 
paint  usage  rate  of  interest,  8.8  kg  of  solvents  was  consumed  per  hour.  A 
worst-case  scenario  would  be  to  assume  that  this  high  paint  usage  rate  would 
continue  for  4  hours.  This  would  result  in  the  emission  of  35.2  Kg  of 
solvent. 

2.  Maximum  Allowable  Solvent  Concentration 

The  first  issue  to  be  considered  is  the  composition  of  the  emitted 
solvent.  According  to  the  results  of  the  GC/MS  analysis  (Table  19),  the 
paint  solvent  is  composed  of  66  percent  MEK,  10  percent  xylenes,  9.5  percent 
cyclohexanone,  8.4  percent  4-methyl -2-pentanone  and  at  least  6  percent  butyl 
acetate.  The  uncertainty  in  the  butyl  acetate  concentration  stems  from  the 
*a.t  that  a  lower  bound  any  was  given  for  this  compound  in  Table  19,  which 
implies  that  the  actual  concentration  of  butyl  acetate  may  be  considerably 
hiyner  (up  to  ten  times  higher).  The  fact  that  the  polyurethane  green  paint 
nas  two  components  which  are  mixed  in  a  1:1  volume  ratio  was  considered. 
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The  paint  booth  measures  60  feet  long,  18  feet  high,  and  13  feet  wide. 
The  volume  of  the  booth  is, therefore  19,440  ft^  (550  m^).  With  no 
ventilation  system  in  the  booth,  at  the  consumption  rate  of  8.8  kg/hr,  tne 
solvent  concentration  after  4  hours  would  be  63  g/m3.  The  concentrate  on  in 
ppm  of  a  specific  compound  depends  on  the  molecular  weight  of  the  compound. 
The  following  analysis  assumes  that  the  solvent  is  composed  solely  of  one 
compound  (i.e.,  all  MEK  or  xylenes  or  butyl  acetate,  etc.).  The  resultant 
ppm  concentration  of  the  compound  in  the  booth  is  compared  to  the  25  percent 
LEL  value  for  that  particular  compound.  The  compound  which  has  the  largest 
factor  difference  will  be  used  to  determine  the  maximum  recirculation  which 
will  be  allowed.  Equation  (1)  illustrates  how  the  values  presented  in 
Table  45  were  achieved. 

3.  Xylene 

Molecular  Weight:  106.16  grams/mole 

25  percent  of  LEL:  0.25  percent  by  volume  =  2,500  ppm  xylene 


63  g  Xylene  1  mole  Xylene  22.4  L 


mJ  of  air  106  g  Xylene  mole  1,000  L 


0.0133  m  Xylene 


3 

m  air 


13,300  ppm  Xylene 


Thus,  if  the  solvent  were  composed  solely  of  xylene,  the  xylene  concentration 
in  the  booth  after  4  hours  would  be  6.5  times  higher  than  recommended  by  the 
NFPA. 

The  calculated  values  in  Table  45  indicate  that  the  xylene  concent  rati  on 
should  be  used  as  the  design  criterion  for  a  reci rculation  system  at 
Building  1014. 

4.  Minimum  Required  Bleedoff  Rate 

To  determine  the  minimum  flow  rate  required  to  prevent  the  buildup  of 
significant  concentrations  of  solvents,  it  is  necessary  to  formulate  the 
solvent  concentration  in  the  booth  as  a  function  of  time.  For  the  following 
analysis,  the  rate  at  which  the  solvent  is  released  into  the  booth  is  known, 
the  bleed  rate  is  considered  constant,  and  the  initial  concentration  of 
solvent  in  the  booth  is  zero.  Standard  conditions  are  assumed  in  the 
fol lowi ng  analysi s: 
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TABLE  45.  SOLVENT  CONCENTRATIONS  IN  PAINT  SPRAY  BOOTH  --  TRAVIS  AIR 
FORCE  BASE,  BUILDING  1014 


Compound 

Concentration 
(grams/m3 ) 

Mol  ecul  ar 
wei yht 

(grams/mole) 

Resultant 

concentration 

(ppm) 

25  percent 
LEL 
(ppm) 

Approximate 

difference 

factor 

Xyl  ene 

63 

106 

13,300 

2,500 

6.5 

4  methyl  - 
2-pentanone 

63 

100.16 

14,000 

3,400 

4 

Butyl  acetate 

63 

116 

12,200 

3,500 

3.4 

HEK 

63 

72.1 

19,450 

4,500 

5 

M(t)  =  Total  mass  of  solvent  in  the  booth  (Kg/hr). 


Mp  =  Rate  at  which  the  solvent  is  emitted  into  the  booth. 

=  8.7  Kg/hr. 

Vout  =  Volume  flow  which  is  bled  off  from  the  booth  (n3/nin). 
=  Constant 

Vbooth  =  Booth  volume. 

=  (550  m3) 

X(t)  =  Rate  at  which  solvents  are  removed  from  the  booth. 

=  Kg/hr 


out 


booth 


r.i(t) 


M ( t  =  0 )  =  Boundary  condition  which  specifies  the  initial  solvent 
concentration  in  the  booth. 


=  0 


The  results  of  a  mass  balance  evaluation  of  the  booth  yields  the  following 
equation: 


=  Mp  -  X(t) 

This  expression  implies  that  the  rate  at  which  the  solvent  concentration 
increases  in  the  booth  is  equal  to  the  rate  at  which  solvents  are  emitted 
into  the  booth  minus  the  rate  at  which  the  solvents  are  removed  from  the 
booth.  The  expression  may  be  simplified: 


Tne  solution  to  this  linear  nonhomogeneous  first-order  differential  equation 
may  be  calculated  by  a  change  of  variables,  or  may  be  found  in  any 
mathematical  handbook  containing  tables  of  solutions  to  differential 
equati ons . 12.  The  solution  to  Equation  (3)  is: 

V  V 

»i/.\  .I  booth  out  i,i  /  a  \ 

M(t,  -  flp  — -  1  -  exp  -  - -  (t)  (4) 

vout  vbooth 


What  remains  is  to  determine  what  the  flowrate  should  be  so  that,  after 
4  hours,  the  solvent  concentration  is  less  than  25  percent  of  the  LEL  for 
xylene.  The  minimum  required  flow  rate  can  be  calculated  by  equating  the 
solvent  concentration  in  the  booth  (M(t))  with  the  25  percent  LEL  value  for 
xylene  (2,500  ppm),  and  inserting  the  known  values  for  Vbooth  and  Mp. 

t  =  4  hours 


M(t=4, 


ppm  in  the  ooot.li 

0.5  kg 


-  5./  kg/ nr 


t'.-j  xg 


8.7  kg 
h  r 


3 

550  n 
Vout" 


1  -  exp  — (4  hrs ) 
550  nr 


(5) 


me  solution  to  this  equation  can  be  found  iteratively.  The  minimum 
'low  ■  ite  required  in  the  bleed  off  system  is  12.2  m3/min  P  STP  (430  scfm) 
which  represents  2.2  uercent  of  the  total  volume  of  the  booth.  For  a  safety 
factor  of  2,  the  flow  rate  for  the  bleed  off  svsfem  will  he  24.4  m^/min  P  STP 
(860  scfm;. 

A  similar  calculation  was  carried  out,  using  the  25  percent  TLV  for 
xylene  in  place  of  the  25  percent  LEL  value.  Based  on  this  calculation,  it 
was  determined  that  under  current  operating  conditions,  the  25  percent  TLV  is 
exceeded.  It  was  found  that  the  current  flow  rate  (approximately  15,000  cfm  (i 
STP;  would  have  to  be  increased  by  a  factor  of  three  to  lower  the  solvent 
concentrations  below  the  25  percent  TLV. 

5.  Conceptual  Design 


A  schematic  diagram  of  the  recirculation  system  for  Building  1014  is 
given  in  Figure  7.  In  this  design,  the  exhaust  duct  is  rerouted  so  that  it 
passes  over  the  roof  and  down  to  the  front  of  the  spray  booth.  The  filters 
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in  the  booth  doors  are  removed  and  the  doors  sealed  so  that  little  outside 
air  will  pass  through.  The  fan  currently  in  the  exhaust  duct  is  used  as  the 
exhaust  fan.  In  addition,  an  intake  fan  is  installed  at  the  front  of  the 
booth.  Particulate  filters  are  placed  at  the  front  face  of  the  booth.  To 
ensure  that  the  VOC  concentrations  in  the  booth  remain  below  safety  levels, 
an  LEL  monitor  is  placed  in  the  recirculation  duct  downstream  of  the  exhaust 
fan . 


A  bleed-off  duct  leading  to  a  VOC  removal  device  is  connected  to  the 
reci rcul ation  duct  on  the  roof  of  the  spray  booth.  If  an  incinerator  is 
selected  as  the  control  device,  the  bleed  duct  will  be  routed  outside  to  a 
small  shed  in  which  the  incinerator  will  be  housed.  If  a  collection  device 
is  utilized,  the  duct  will  be  routed  to  the  ground  where  a  removable  filter, 
condenser  of  charcoal  bed  will  be  located. 

At  the  front  of  the  booth,  a  fresh  air  duct  is  connected  to  the 
recirculation  duct  upstream  of  the  intake  fan.  The  purpose  of  this  duct  is 
to  supply  fresh  air  to  replace  the  air  removed  in  the  bleed-off  duct.  A 
damper  located  inside  the  duct  will  be  opened  completely  if  the  VOC 
concentration  in  the  booth  reaches  a  dangerous  level.  Large  quantities  of 
fresh  air  will  flow  through  the  booth  and  dilute  the  high  VOC 
concentrations . 

It  was  estimated  that  materials  and  installation  costs  for  the 
recirculation  system  illustrated  in  Figure  7  would  be  approximately 
$32,882.  This  estimate  does  not  include  the  investment  and  installation 
costs  of  the  actual  control  device  ( i .e.,  i nci nerator ,  carbon  absorption  bed) 
nor  does  it  include  the  LEL  detector  and  damper  control  system.  The  estimate 
does  include  the  cost  of  routing  the  bleed  flow  from  the  hangar  to  the 
ground.  A  breakdown  of  the  approximate  costs  is  given  in  Table  46. 

The  relevant  operating  parameters  in  determining  installation  and 
operating  costs  of  carbon  adsorption  or  incineration  systems  are  the  flow  rate 
and  the  solvent  concentration.  For  the  Travis  1014  facility,  a  bleed  rate  of 
860  cfm  is  optimal.  This  will  result  in  a  VOC  concentration  of  0  to 
1,000  ppm. 

The  total  installed  cost  for  an  incineration  system  eeuipped  with  a 
primary  heat  recovery  unit  is  approximately  $40,000  to  $50,000.  If  the 
incoming  air  is  preheated  to  600°F,  the  natural  gas  requirement  will  range 
from  12.6  to  17.4  scfm,  depending  on  the  influent  solvent  concentration  )11  . 
For  a  natural  gas  cost  of  $4  per  1,000  SCF,  this  usage  rate  translates  to  $24 
to  $33/day. 

The  total  installed  cost  for  a  carbon  adsorption,  steam-stripping  unit 
is  approximately  $40,000  to  $50,000.  The  bed  will  require  regenerating  every 
6  to  9  days.  Each  regeneration  cycle  will  produce  250  to  300  gallons  of 
water  containing  10  percent  solvents.  If  this  wastewater  can  be  treated  on 
site,  the  daily  operating  costs  may  be  lr.  If,  however,  the  wastewater  must 
be  disposed  of,  costs  of  $1,130  to  $1,590  nay  be  incurred  per  regeneration 
cycle.  An  additional  expense  which  may  be  required  at  tin  s  facility  is  a 
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TABLE  46.  COST  TO  COUSTRUCT  RECIRCULATION  SYSTEM  --  TRAVIS  AIR 
FORCE  BASE,  BUILDING  1014 


Approx i mate 


Quantity 

Part  description 

cost 

90  LF 

46-in.  <$>  duct  (galv  .  stl  ) 

547/LF  =  4,230 

18  LF 

36-in.  <$>  duct  (galv.  st1 ) 

S35/LF  =  630 

50  LF 

6-in.  4>  duct  (galv .  stl  / 

S4.5/LF  =  225 

36  LF 

36-in.  x  48"  duct  (galv.  stl) 

860#  0  $4.05/#  =  3,483 

2  EA 

46-in.  x  46"  x  46"  tee  (galv.  stl) 

$600/ea  =  1,200 

2  EA 

36-in.  x  90°  el  bow  (galv.  stl) 

$572/ea  =  1 ,144 

1  EA 

46-in.  motorized  damper 

700 

1  EA 

Dual  linked  46"  notorized  damper 

1,200 

1  EA 

6-in.  motorized  damper 

200 

1  EA 

46-in.  in-line  fan  (15900  CFH) 

4,000 

1  EA 

6-in.  <f>  motorized  damper 

1 ,300 

1  EA 

46-in.  tp  end  cap 

200 

1  EA 

46-in.  $  insect  and  bird  screen 

850 

1  EA 

Vapor  monitor  and  mounting 

Not  included 

1  EA 

Bleed  process  equipment 

Not  included 

Total  labor  and  material 

$19,362 

Tax 

$875 

General 

contractor  markup 

$3,000 

Total 

$23,237 

Conti nyency 

$4,485 

Engineering  fees  (excluding  process  equipment) 

$5,000 

Tv/o  air- 

supplied  seal  suits 

$160 

Grand  total  (Excluding  process  equipment  and 

$32,882 

monitor ) 

stean-generati ng  unit  such  as  an  electric  boiler, 
such  a  device  may  range  from  $5,000  to  MO,OCO. 


F he  installation  cost  for 
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SECTION  V 


CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS 

1.  General 

i/OC  emissions  from  the  three  spray  paint  booths  included  in  this  study 
exceeded  allowable  limits.  The  emissions  from  these  facilities  can  be 
significantly  reduced  with  a  variety  of  add-on  control  devices,  possibly 
coupled  witn  a  recirculation  system. 

2.  McClellan  Air  Force  Base 

The  Sacramento  County  Air  Pollution  Control  District  (SCAPCD)  requires 
that  less  than  420  grams  of  nonexenpt  VOC  be  present  per  liter  of  paint  used 
for  camouflaging  purposes  (13)-  According  to  the  data  presented  in  Table  3, 
one  type  of  paint  used  at  McClellan  contains  up  to  67.6  percent  volatile 
organics  by  weight.  When  the  density  is  factored  in,  it  is  estimated  that 
this  paint  contains  approximately  750  grams  of  VOC  per  liter.  Table  2,  shows 
that  this  particular  paint  does  not  contain  any  of  the  exempt  organic 
compounds  allowed  by  rule  451  of  the  SCAPCD.  Thus,  the  750  grams  of  VOC 
measured  per  liter  of  paint  is  in  the  nonexenpt  category.  The  test  results 
from  tiiis  facility  accounted  for  44  to  48  percent  of  the  total  VOC  emissions 
expected.  Despite  recent  efforts  to  reduce  VOC  emissions,  the  paint  booth 
included  in  this  study  is  out  of  conp1iance  due  to  the  usage  of  paint 
containing  large  quantities  of  VOCs.  Reductions  of  up  to  45  percent  nay  be 
re  cui  -ed . 

3.  Travis  Air  Force  Base  --  Building  550 

To  be  within  compliance  limits,  the  Cay  Area  Air  Quality  Management 
District  (BAAQMD)  requires  that  less  than  13  kq  of  solvent  be  emitted  from  a 
paint  application  facility  per  day  14.  Furthermore,  less  than  3.6  Kg  of 
solvent  per  hour  should  be  emitted.  According  to  the  June  13  results  of  the 
ST-7  sampling  interval,  between  9:34  to  10:30,  1.8?  kg  of  carbon  were  emitted 
from  Stack  2.  Furthermore,  calculations  indicate  that  emissions  from 
Stacr.s  1  and  3  were  nearly  this  high.  The  total  carbon  emission  durinq  this 
tine  interval  was  approximately  3.6  kg,  which  translates  to  approximate! y 
5  kg  of  solvent.  Test  results  for  this  facility  accounted  for  85  to 
100  percent  of  the  total  VOC  emissions  expected.  To  be  in  compliance,  VOC 
emissions  nay  have  to  be  reduced  by  as  much  as  30  percent. 

4.  Travis  Air  Force  Base  --  Building  1014 

The  F.T-7  sampling  results  indicate  that  4.5  kg  of  carbon  wore  released 
in  a  53-ninute  time  interval.  This  translates  to  approximate!  y  6.4  Kg  of 
solvent.  Test  results  for  this  facility  accounted  for  23  to  l°d  percent  of 


the  total  VOC  emissions  expected.  The  BAAQMD  standard  was  exceeded  by 
approximately  70  percent,  thus, a  VOC  emission  reduction  of  at  least 
45  percent  is  required  for  compliance. 

B.  RECOMMENDATIONS 

1.  General 

The  installation  of  a  recirculation  booth,  accompanied  by  a  VOC  control 
device,  would  be  the  most  effective  and  maintenance-free  method  of 
eliminating  VOC  emissions  from  spray  booth  facilities.  Such  a  system  reduces 
the  volume  of  air  which  requires  processing  to  remove  the  solvents  present  in 
the  flow.  Simultaneously,  the  VOC  concentration  in  the  air  passing  through 
the  VOC  control  device  would  be  increased.  This  system,  in  addition  to  being 
cost  effective,  would  allow  for  relatively  maintenance-free  operation. 
Recirculating  the  air  in  a  paint  spray  booth  can  cause  the  VOC  concentration 
in  the  booth  to  exceed  the  organic  solvent  TLV.  For  this  reason,  proper 
protective  clothing  and  equipment  should  consist  of  a  positive-pressure  suit 
connected  to  a  fresh  air  supply. 

Another  option  would  be  to  install  charcoal  filters  in  the  exhaust 
ducts.  Because  these  filters  become  saturated,  care  must  be  taken  to  change 
them  when  necessary.  This  results  in  increased  maintenance  costs. 

The  fastest  and  least  expensive  way  to  lower  VOC  emissions  from  a1!  of 
the  paint  spray  booths  would  be  to  adopt  more  efficient  paint  application 
devices  such  as  electrostatic  paint  spray  guns.  This  could  decrease  paint 
usage  by  as  much  as  50  percent,  which  would,  in  turn,  decrease  VOC  emissions 
by  as  much  as  50  percent. 

A  listing  of  possible  modifications  is  given  in  Table  47.  This  table 
also  includes  the  advantages  and  disadvantages  associated  with  the 
modification,  as  well  as  relative  costing  estimates. 

More  than  one  of  these  modifications  could  be  adopted.  A  carbon 
absorption  system,  used  in  conjunction  with  a  more  efficient  paint 
application  method,  may  require  far  less  frequent  carbon  changeout. 

2.  McClellan  Air  Force  Base 

McClellan  AF8  personnel  have  expended  considerable  effort  to  reduce 
hazardous  emissions  from  many  of  their  painting  facilities.  Despite  these 
efforts,  further  reductions  are  needed  due  to  the  use  of  coatings  containing 
high  VOC  concentrations. 

To  decrease  the  quantity  of  air  requiring  processing  with  an  add-on  VOC 
control  device,  a  recirculation  system  could  be  installed  at  the  McClellan 
Building  655  paint  spray  booth  for  an  approximate  cost  of  $60,000. 

One  safety  measure  which  can  be  adopted  immediately  is  that  the  fans 
(both  the  intake  and  the  exhaust  duct)  be  operated  at  all  times  during  and 


TABLE  47.  POSSIBLE  MODIFICATIONS  WHICH  MAY  BE  ADOPTED  AT  PAINT  SPRAY 
FACILITIES  AT  McCLELLAN  AND  TRAVIS  AIR  FORCE  BASES 
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after  a  piece  is  painted  in  the  booth.  It  was  noticed  that  when  the  workmen 
had  finished  painting,  they  would  leave  the  booth  and  turn  off  one  or  noth 
sets  of  fans.  While  a  painted  piece  is  drying,  considerable  amounts  of  VOCs 
are  emitted.  By  turning  the  fans  off,  the  VOC  concentration  in  the  booth  can 
become  very  high  (see  Table  9).  This  safety  hazard  can  be  eliminated  by 
continuing  fan  operation  in  the  booth  while  the  painted  surface  dries. 

Another  option  is  to  install  a  delay  mechanism  into  the  fan  "OFF"  switch. 

This  will  continue  fan  operation  for  a  specified  period  of  time  after  the 
fans  have  been  turned  off. 

Another  safety  recommendation  is  that  fans  should  be  operating  and 
protective  gloves  worn  while  the  workmen  use  large  open  containers  of 
solvents  such  as  f£K.  Furthermore,  open  solvent  containers  should  not  De 
left  in  the  room  if  the  ventilation  system  is  not  operating. 

Workmen  would  also  frequently  place  large  objects  on  the  sump  gratings 
which  blocked  the  flow  of  air  to  the  water  sumps.  While  taking  anemometer 
readings  at  the  sump,  sampling  personnel  noticed  that  the  blockages  did 
affect  the  surrounding  flow.  The  grates  should  therefore  be  kept  as  clear  as 
possible  to  allow  unobstructed  airflow. 

3.  Travis  Air  Force  Base  --  Building  550 

One  method  of  reducing  VOC  emissions  from  the  Building  550  paint 
facility  would  be  to  adopt  a  more  efficent  paint  application  method.  This 
could  lower  the  VOC  emissions  by  as  much  as  50  percent,  and  bring  the  spray 
booth  into  compliance.  Another  option  would  be  to  install  flat  charcoal 
filter  cartridges  behind  the  particulate  filter  sheets  inside  the  spray 
booth.  Because  of  the  accessibi li ty  of  this  location,  the  filters  could  be 
easily  changed,  thus, mi ni mi zi ng  maintenance  time. 

The  particulate  filters  in  the  booth  should  be  changed  more  frequently. 
At  the  current  replacement  rate,  the  particulate  filter  sheets  become  blocked 
(see  Section  II. B. 2).  This  causes  the  fans  in  the  exhaust  ducts  to  draw  air 
from  the  outside  instead  of  from  within  the  booth.  Tne  decrease  in  flow 
through  the  booth  causes  VOC  concentrati ons  to  increase. 

4.  Travis  Air  Force  Base  --  Building  1014 

This  facility  should  be  selected  for  a  pilot  study  to  determine  the 
feasibility  of  installing  a  recirculation  system  to  operate  in  conjunction 
with  an  add-on  VOC  emission  control  device.  It  is  further  recommended  that 
two  types  of  add-on  devices  be  tested;  a  fume  incinerator  and  a  carbon 
adsorption  steam  regeneration  unit.  The  1014  spray  booth  is  ideal  for  a 
pilot  study,  because  of  its  operating  schedule  and  because  it  has  a  fairly 
simple  ventilation  system.  Since  the  booth  is  operated  only  a  few  months  of 
the  year  for  only  8  hours  a  day,  paint  booth  operation  would  not  be  affected 
while  the  system  is  installed.  A  recirculation  system  could  be  installed  at 
an  approximate  cost  of  $33,000.  Furthermore,  it  is  possible  to  rent  both  an 
incinerator  and  a  carbon  adsorption  unit  for  use  in  the  pilot-scale  test. 

This  would  allow  for  in-use  evaluation  and  comparison  between  each  device. 


The  VOC  concentrations  in  the  hangar  surrounding  the  booth  were  high 
enough  to  cause  eye  irritation  and  headaches.  The  reason  the  concentrations 
were  so  high  is  that  the  exhaust  outlet  from  the  spray  booth  was  flush  with 
the  hangar  wall  exterior.  The  exhausted  air  was  directed  downward  by  the 
wind  through  a  ventilation  opening  in  the  hangar  wall  and  back  into  the 
hangar  area.  It  is  reconnended  that  at  the  very  least,  the  exhaust  duct  be 
either  directed  upward  or  routed  to  the  roof  of  the  hangar. 


Calculations  of  possible  peak  VOC  concentrations  revealed  that  the 
levels  in  the  booth  pay,  at  tines,  exceed  the  TLV  for  specific  solvents.  For 
this  reason,  it  is  reconnended  that  proper  protective  clothing  be  worn  to 
prevent  exposure  to  skin  and  face. 


The  particulate  filters  at  the  back  of  the  booth  cloaqed  raoidlv. 

This  caused  considerable  leakage  around  the  filter  elenents,  which  in  turn 


a 


REFERENCES 


White,  Frank  M.,  Fluid  Mechanics.  McGraw-Hill  Book  Company,  1979, 

pp.  101-102. 

"ST-7  Non-Methane  Organic  Carbon  Sampling."  Bay  Area  Ai r  Qua  1 i ty 
Management  District  Manual  of  Procedures.  Adopted  September  1979. 

"Method  25A:  Determination  of  Total  Gaseous  Organic  Concentration  Using 
a  Flame  Ionization  Analyzer."  Environmental  Protection  Agency 
Sampling  Methods,  40  CFR,  part  60,  Appendix  A. 

Handbook  of  Plastics  and  Elastomers.  McGraw-Hill  Book  Company,  197b. 

Transfer  Efficiency  of  Improperly  Maintained  or  Operated  Spray  Painting 
Sensitivity  Studies.  Environmental  Protection  Agency  Report 
E PA-600/ 2-85- 107 ,  September  1985. 

The  Coating  Industry,  Energy  Savings  with  Volatile  Organic  Compound 
Emission  Control.  U.S.  Department  of  Energy  1979,  Report  No.  TID- 
28706. 

United  States  Patent  Nuntier  4,266,504.  Granted  May  12,  1981.  Inventor: 
Keith  G.  Roesner,  Deere  and  Company,  Moline,  IL. 

Industrial  Ventilation,  19th  Edition,  A  Manual  of  Recommended  Practice, 
Committee  on  Industrial  Ventilation,  American  Conference  of  Governmental 
Industrial  Hygenists,  Edwards  Brothers  Incorporated,  Ann  arbor,  MI, 

1986,  ISBN  0-936712-65-1. 

Code  of  Federal  Regulations  —  Labor.  29.94  part  C6,  1984. 

Project  Summary,  Evaluation  of  a  Spray  Booth  Utilizing  Air 
Reci  rculation.  U.S.  Environmental  Protection  Agency,  1984.  EPA 
Report  E PA- 600/ 2 -84- 14 3. 

Controlling  Pollution  from  the  Manufacturing  and  Coating  of  Metal 
Products  II.  Environmental  Protection  Agency  Technology  Transfer 
Seminar  Publications.  May,  1977.  Report  E PA-625/ 3-77-009 . 

Mathematical  Handbook  of  Formulas  and  Tables,  Schaums  outline  series, 
McGraw  Hill  Book  Company,  September  1986. 

Rule  451;  Surface  Coatings  of  Miscellaneous  Metal  Parts  and  Products. 
Sacramento  County  Air  Pollution  Control  District  Rules  and  Regulations 
August  27,  1$85. 

Regulation  8-4-303;  Limitations  on  Noncomplying  Solvents  and  Surface 
Coatings,  Bay  Area  Air  Quality  Management  District  Rules  and 
Regulations,  March,  1982. 


(The  reverse  of  this  page  is  blank. 


'■7'.  *.  .- . 


APPENDIX  A 

CALCULATIONS  FOR  DETERMINING  THEORETICAL  MASS  OF  CARBON  IN  STACK 


The  steps  required  to  calculate  the  theoretical  mass  of  carbon  in  the 
sampling  stacks  are  outlined  below. 

1.  The  amount  of  paint  used  during  the  ST-7  sampling  time  interval  was 
deduced  from  the  paint  usage  log.  The  fraction  which  volatized  off 
was  calculated  by  multiplying  the  paint  used  during  the  sampling 
interval  by  the  percent  volatile.  This  data  is  found  in  the  results 
of  the  paint  residue  analysis  (Tables  3  and  20): 

Total  Mass  of  Solvent  =  Mass  of  Paint  *  %  Volatile 
Released  into  Booth  Used  (kg)  by  Mass 

2.  The  mass  of  each  volatile  compound  emitted  was  calculated  by 
multiplying  the  percent  by  weight  of  each  volatile  component  ('A') 
in  the  paint  by  the  total  amount  of  solvent  emitted: 


Mass  of  Component  =  Mass  of  Solvent  * 
'A'  Emitted  Emitted 


by  Weignt  of  Component 
‘A'  in  the  Paint 


Frequently,  paints  and  primers  were  mixed  in  prescribed  ratios.  In 
such  cases,  the  contributions  of  each  volatile  component  was 
quantified  by  considering  the  ratios  in  which  the  paints  were 
mi xed. 

3.  The  percent  by  mass  of  carbon  in  each  volatile  component  was 

calculated  by  using  the  molecular  weights  (MW)  of  both  carbon  and 
the  compound  of  interest: 


%  by  Weight 
of  Carbon  in 
Component  'A' 


Component 


Moles  of  Carbon 
Mole  of  Compound 


*  MW  of 
Ca  rbon 


There  is  some  uncertainty  in  the  results  from  this  step  because  the 
GC/MS  data  reported  several  VOCs  in  the  paint  as  unknowns,  thus  the 
percent  carbon  in  these  compound  could  not  be  included. 

4,  The  total  mass  of  carbon  volatilized  off  in  the  booth  is  calculated 
by  summing  the  carbon  contributions  from  each  component: 


Total  Mass 
of  Carbon 
Emi  tted 


Total  Mass 
Emi tted  of 
Component  i 


%  by  Wei ght 
of  Carbon  in 
Component  i 


"v*  V*  V  * 


5.  The  amount  of  carbon  (by  weiqht)  to  be  found  in  each  stack  is 

determined  by  the  flow  rates  measured  in  the  stacks.  The  percent  of 
the  total  flow  exhausted  through  a  particular  stack  determines  what 
percentage  of  the  total  mass  of  carbon  is  associated  with  that 
stack.  For  example,  at  Building  550  at  Travis  Air  Force  Base, 
stacks  1  and  2  are  considerably  larger  than  Stacks  3  and  4.  The 
painting  that  was  done  in  Quadrant  1  was  associated  only  with 
Stacks  1  and  2,  and  the  amount  of  carbon  exhausted  by  each  of  these 
stacks  was  determined  by  the  percentage  flow  through  each  stack.  It 
should  be  noted  that  the  mass  of  carbon  estimated  by  this  method 
will  be  lower  than  the  actual  carbon  concentration  due  to 
uncertainties  in  the  volume  flow  measurements. 


APPENDIX  B 


ftTRIC  CONVERSION  TABLE 


Metri  c  To  Engl  i  sh 
Length: 

1cm  =  0.394  in 
1m  =  3.28  ft 
Volume: 

1  L  =  0.0353  ft3 
=  0.264  gal 
1  m3  =  35.31  ft3 
=  264.2  gal 

Mass: 

1  Kg  =  2.2  lb 


English  to  Metric 
Length : 

1  in  =  2.54  cm 
1  ft  =  0.3048  m 
Vo 1 ume : 

1  ft3  =  28.3  L 

=  0.0283  m3 
1  gal  =  3.79  l. 

=  0.00379  m 

Mass : 

1  lb  -  C . -54  Kg 


Temperature : 

°C  =  5/9  (°F-32) 


Temperature : 


’F  =  9/5  °Ch 


APPFNDIX  C 


DESCRIPTION  id'  SAMPLING  AND  RE  AS  UR  INC  PROCEDURES 


A.  V OiJIMl  FLOW  MAoUREME  N‘r:~ 

Two  volume  flow  measurement  procedures  were  used  in  this  study:  EPA 
Metnod  2  and  anemometry  data.  EPA  Method  2  was  used  to  measure  volume  flow 
through  ducts,  while  the  anenameter  was  used  to  measure  flow  at  grates, 
sumps,  and  filter  faces. 

CPA  Metnod  2  uses  a  pitot  tube  to  measure  pressure  differentials  in  a 
ducT  at  specified  traverse  riints.  The  pitot  readings  are  corrected  to 
standard  conditions  and  summed  to  yield  the  flow  through  the  duct.  The 
pressure  differential  data  must  be  taker  at  a  site  1ocated  at  least  eight 
duct  iiam-tors  downstream  and  two  iianeters  upstream  from  any  flow 
disturbance  (C-l). 

Fo'-  anemometer  flow  measurements  done  in  this  study,  the  surface  to  be 
mean.; red  was  subdivided  into  sections.  Data  wore  taken  over  each  section 
approximately  3  inches  from  the  surface  of  interest.  The  anemometer  gives  a 
moan  ji-emi-n*-  of  the  rlow  velocity  over  a  section;  when  multiplied  bv  the 
se:’io'i  area,  the  volume  f I  ,w  is  calc  .Dated.  Tu.-j,e  data  are  also  corrected  to 
>bar»  ’a  r.-j  fundi  t  ’  ops  . 

E.  ME  AS;;  RE  ME  NT  OF  ORGANIC  CONSTITUENTS 

1.  Conti ”000?  Monitors 

Two  continuous  monitoring  procedures  were  used  to  detenni ne  the 
concentration  of  organics  in  the  flow:  DDA  Method  ,?5A  and  Bay  Area  Air 
Qua 1 i ty  Management  District  (BAAQMD)  Method  ST-?. 

Both  EPA  Method  2 5A  and  BAAQMD  Method  ST-7  are  gas  analysis  procedures 
which  determine  the-  total  oxidizable  carbon  (TOC)  concentration  in  a  sample 
stream.  TOC  is  comprised  of  the  organic  carbon  and  carbon  monoxide  present 
in  the  sample.  For  the  tests  discussed  in  this  report,  the  contribution  of 
'.a^bnn  monoxide  to  the  TOC  concentration  was  considered  negligible  (CO 
concentrations  ‘  o  air  is  generally  a  few  parts  Der  million),  thus  the 
meas  ;red  TOC  was  considered  to  be  solely  from  an  organic  source. 

The  BAAQMD  ST-7  procedure  requires  a  gas  sample  to  be  passed  through  a 
combustion  tube  where  all  organic  carbon  atoms  are  oxidized  to  CO2  (C-2).  Froit 
the  combustion  tube,  the  sample  is  passed  through  a  nondi spersi ve  infrared 
analyzer  (NDIR)  whicn  continuously  monitors  the  CO^  concentration  in  the  gas 
stream.  Periodically,  the  combustion  tube  is  bypassed,  and  the  sample  gas  is 
passed  directly  through  the  NDIR.  This  is  done  to  measure  the  sample 
background  concentration  of  CO2.  The  difference  between  the  COp 


concentrations  in  these  streams  is  the  TOC  concentrati on  in  the  sample.  rn-- 
ST-7  results  are  accurate  because  the  NO  I R  analyzer  is  calibrated  with  0O?, 
which  is  also  the  gas  being  measured. 

The  EPA  Method  25A  utilizes  a  flame  ionization  detector  (Fin)  to  analyze 
the  TOC  concentration  in  the  sample  gas  (C-3).  The  FID  is  jC-nsitive  t'-e 
total  hydrocarbon  concentration  in  the  sample  stream,  and  it  does  not 
distinguish  between  organic  species.  Thus,  in  order  to  correctly  assess  the 
VOC  concentration  in  the  sample,  the  components  and  the  relative 
concentrations  of  the  components  in  the  sample  stream  must  be  known. 

C.  VOLATILE  ORGANIC  CONSTITUENT  CHARACTERIZATION 

The  volatile  constituents  in  the  stack  gas  streams  were  qualified  by 
using  the  National  Institute  of  Safety  and  Health  (NIOSH)  sampling 
Method  1300. 

In  this  procedure,  a  small  volume  of  stack  gas  is  drawn  throuqh  a  NIOSH 
tube  containing  activated  charcoal.  The  flow  rates  used  are  between  0.01  and 
0.24  liters  per  minute,  and  the  total  volume  sampled  is  generally  less  than  25 
liters.  The  volatile  organics  are  adsorbed  onto  the  surface  of  the  charcoal, 
and  are  later  removed  by  chemical  extraction. 

D.  SEMIVOLATILE  ORGANIC  CONSTITUENTS 

Semi  volatile  compound  concentrations  were  measured  in  the  stack  gas 
using  the  EPA  Modified  Method  5  (MM5)  sampling  and  analyses  protocol . (C-2 ) 
Figure  C-!  illustrates  the  MM5  sampling  system  used  in  this  program.  6 Eg  or 
XAD-2  organic  sorbent  was  packed  in  a  glass  module  in  the  field.  Both  the 
condenser  and  the  XAD-2  module  were  water-jacketed  to  maintain  the  flue  gas 
temperature  entering  the  XAD-2  sorbent  at  approximately  60°F.  The  first 
modified  impinger  trapped  organic  condensate.  The  remaining  distilled  HpO 
and  silica  gel  impingers  were  used  primarily  to  trap  the  remaining  moisture 
in  the  flue  gas.  The  convection  oven  was  equipped  with  a  filter. 

The  sample  flowrate  was  approxi mately  280  nL/second  (0.6  dscf),  and  the 
sample  volume  was  generally  greater  than  0.867  dscm  (30  dscf)  for  a  1-hour 
sampling  period. 

E.  PARTICULATE  MEASUREMENT 

Two  procedures  were  used  to  quantify  particulate  emissions.  EPA  MM5  and 
NIOSH  nuisance  dust  test  Method  500.  The  MM5  test  was  used  to  determine 
stack  concentrations  of  particulate,  and  the  NIOSH  500  procedure  determined 
particulate  concentrations  both  in  the  spray  booth  and  in  the  stack. 

The  MM5  apparatus  (described  in  a  previous  section)  was  equipped  with  a 
five  mesh  particulate  filter.  The  particulate  collected  on  the  filter  as 
well  as  that  deposited  in  the  probe  was  weighed  to  determine  total 
particulate  emissions  from  the  stack. 
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Figure  C-l.  F.PA  Modified  Method  S  Train 
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The  NIOSH  500  procedure  involves  drawing  a  large  volume  of  sample  -v. . 
through  a  fine  mesh  filter.  The  flowrate  generally  used  is  approximately 
1.5  to  2  liters  per  minute.  The  total  sample  volume  drawn  is  usually  .5  ft 
133  liters.  The  filters  are  removed  from  the  sample  cartridge*.  -  nd  then  w<  oo<  d 
to  determine  the  total  quantity  of  particulate  collected 
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APPENDIX  D 


QUALITY  ASSURANCE  PROCEDURES 


Appendix  D  describes  the  quality  control  measures  which  were  implemented 
for  this  test  series.  The  accuracy,  precision,  and  completeness  of  all  data 
obtained  are  assessed.  Project  quality  assurance  objectives  for  these  three 
parameters  are  given  in  Table  D-l.  The  following  measures  were  put  into 
effect  to  ensure  these  objectives  were  met. 

•  Blind  trip  blanks  were  submitted  for  analysis  with  all  EPA  MM5 
samples  and  most  NIOSH  1300  samples 

•  Duplicate  samples  were  submitted  for  analysis  with  all  EPA 
Method  624  (Method  624)  water  samples 

•  All  Metnod  624  and  Metnod  625  samples  were  spiked  with  surrogate 
compounds,  and  the  percent  recovery  of  these  compounds  is  reported 

•  Method  6?i  and  Method  625  analyses  were  performed  on  laboratory 
storage  and/or  method  blanks 

A  complete  set  of  samples  was  acquired  with  every  sampling  effort.  Test 
matrices  for  each  site  and  complete  sampling  protocols  were  developed  prior 
to  sampling  and  testing.  All  sources  in  the  test  matrices  were  sampled,  and 
only  a  few  trip  blanks  were  missed.  Duplicates  were  submitted  whenever 
possible;  due  to  the  dynamic  nature  of  the  sampling  procedure,  duplicates 
were  not  usually  obtainable.  Samples  were  analyzed  as  soon  as  possible  by 
the  Acurex  Chemistry  Laboratory. 

The  accuracy  and  completeness  of  each  dat3  set  were  determined  based  on 
the  quality  control  measures  cited  above  and  are  presented  in  the  following 
paragraphs. 

E.  METHOD  624  ANALYSES  ON  WATER  SAMPLES 

To  ensure  accurate  results,  a  three-point  calibration  curve  was  prepared 
for  the  relevant  compounds.  A  daily  response  factor  check  was  conducted  to 
test  instrument  calibration.  If  a  deviation  greater  than  20  percent 
occurred,  the  system  was  either  recalibrated  or  fresh  standards  were  prepared 
to  verify  calibration. 

The  accuracies  of  the  Method  624  analyses  performed  on  water  samples 
were  assessed  by  determining  the  surrogate  recoveries  from  each  of  the  spiked 
sar, les.  The  samples  were  spiked  with  three  surrogate  compounds: 

1 ,2-di chloroethane,  toluene,  and  p-bromofluorobenzene.  The  percent 
recoveries  of  surrogate  compounds  ranged  from  45  to  225  percent,  as  shown  in 
Tab  in  D-2.  The  accuracy  DQO  for  this  measurement  was  50  to  140  percent  and 
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TABLE  D-l 


PRECISION,  ACCURACY,  AND  COMPLETENESS  OBJECTIVES 


Measurement 

parameter 

Measurement/ 

analytical 

method 

Reference 

Precision 
rtl  ative 
percent 
di f ference 

Accuracy 
( percent ) 

Completeness 

Volume  flow 

Hot  wire 
Anemometer 

ACGlh  method 

ACGIH4 

— 

-- 

°0 

Ouct  flow 

EPA  Method  2 

40  CFR  6C 

Appendl  x  A 

- 

-• 

a0 

Volatile 
organics  in 
air 

N! OSH  1300 
carbon 
absorption 
extraction , 

GC/F10 

bDHHS  (N10SH) 
84-100 

25 

7o  to  i:o 

Semiv  ol ati 1 e 
organics  in 
sunp  water 

EPA  Method  62S 
MeCl  j  ext-action 
GC/MS 

E PA-600/4 -82-05 7C 

Til 

50  td  140 

Volatiles 
organics  in 
sump  water 

EPA  Method  624 
Capillary  GC/MS 
Purge  and  trap 
GC/MS 

EPA- 600/4 -32 -05 1*- 

30 

50  to  141 

9  {} 

Semivolatile 
organics 
in  air 

EPA  MMt 

MeCl 2  extraction 
of  XAD,  GC/MS 

SW-846  2nd  Ed. 

Rev  1  sedd  (  1964) 

30 

50  to  140 

90 

TdHC 

Conti nuous 

FID 

40  CFR  60 

Append! x  A 

Of 

9F 

aIndustrial  Ventilation  --  A  Manual  of  Recormended  Practices,  14th  Ed.,  American 
Council  of  Governmental  Industrial  Hygienists,  Comittee  on  Industrial  Ventilation. 
bNlOSH  Manual  of  Analytical  Methods,  Department  of  Health  Services  N. 
cMethods  for  Organic  Chemical  Analysis  of  Municipal  and  Industrial  Waste  Waters, 

U.S.  EPA  Environmental  Monitoring  and  Support  laboratory,  July  1982. 

^Proposed  Sampling  and  Analytical  Methodologies  for  Addition  to  SW-P46,  Test  Methods 
for  Evaluating  Solid  Waste:  Physical  Chemical  Methods  (2nd  Ed.),  1984. 
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TABLF  0-2.  VOLATilL  ORGAN!  ANALYSIS :  WAT  SR 
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the  completeness  DQO  was  90  percent.  Of  the  27  compounds  tnat  were 
analyzed,  22  percent  fell  outside  the  DQO  limits.  The  comp  I  et  e.n, t  ><  tn. 
measurement  is  therefore  78  percent,  which  is  below  the  completeness  O'  u. 

Storage  and  trip  blanks  were  analyzed  to  determine  the  degree  to  white 
contami nation  occurred  in  the  samples  during  transport,  storaye,  and 
analysis.  The  results  indicate  that  no  contamination  occurred. 

F.  FETHOD  625  ANALYSES 

To  ensure  accurate  results,  a  three-point  calibration  curve  was  preparec 
for  the  relevant  comoounds.  A  daily  response  factor  check  was  conducted  to 
test  instrument  calibration.  If  a  deviation  greater  than  20  percent 
occurred,  the  system  was  either  recalibratea  or  fresh  standards  were  prepare! 
to  verify  calibration. 

Tne  accuracies  of  the  Method  625  analyses  performed  on  water  samples 
were  assessed  by  determining  the  surrogate  recoveries  from  each  of  the  Spikes 
samples.  The  samples  were  spiked  with  six  surrogate  compounds: 

2-f  1  uorophenol ,  phenol,  nitrobenzene,  2-fl uorobi phenyl ,  2 ,4 ,6-tri bromophenol , 
and  terphenyl .  The  percent  recoveries  of  surrogate  compounds  ranged  from 
6  to  137  precent,  as  shown  in  Table  D-3.  The  accuracy  DQO  for  tm s 
measurement  was  50  to  140  percent  and  the  completeness  DQO  was  90  percent. 

Of  the  54  compounds  that  were  analyzed,  4  percent  fell  outside  the  DQO 
limits.  The  completeness  for  this  measurement  is, therefore, 96  percent,  which 
is  within  the  completeness  DQO. 

A  storage  blank  was  also  analyzed  to  determine  the  degree  to  which 
contamination  occurred  in  the  samples  during  storage  and  analysis.  The 
results  indicate  that  no  contamination  occurred. 


G.  NI0SH  1300  ANALYSES 

To  ensure  accurate  results,  a  three-point  calibration  curve  was  prer.arc  - 
for  the  relevant  compounds.  A  daily  response  factor  check  was  conducted  to 
test  instrument  calibration.  If  a  deviation  greater  than  20  percent 
occurred,  the  system  was  either  recalibrated  or  fresh  standards  were  preparec 
to  verify  calibration. 

The  desorption  efficiencies  of  compounds  detected  in  the  samples  were 
determined  by  spiking  clean  NI0SH  tubes  with  the  compounds  of  interest. 

Three  sets  of  tubes  were  submitted  for  analysis  to  the  Acurex  Chemistry 
Laboratory,  thus  three  clean  tubes  were  spiked  with  the  compounds  detected  in 
the  samples.  The  results  of  the  desorption  efficiency  analyses  are  presentee 
in  Table  D-4.  The  accuracy  DQO  for  this  measurement  was  desorption 
efficiencies  in  the  range  of  70  to  120  percent;  as  shown  in  Table  D-4,  tne 
acutal  range  was  from  78  to  109  percent.  All  desorption  efficiencies  fell 
within  the  DQO  limits,  thus, the  completeness  of  this  measurement  is 
100  percent. 


Percent  recoveries 


TABLE  D-4.  VOLATILE  ORGANIC  ANALYSIS:  NIOSri  1300 
CHARCOAL  TUBES 


Desorptior  efficiencies  of 
the  test  compounds  {%) 


Surrogates 

Set  la 

Set  2b 

Set  3b 

2-Butanone 

103 

2-Propanol 

35 

90 

9C 

4-Methyl -2-pentanone 

103 

98 

93 

Toluene 

101 

96 

% 

Butyl  acetate 

106 

109 

10  9 

5-Methyl -2-hexanone 

103 

2-Butoxy  ethanol 

78 

Propyl  acetate 

105 

105 

o-Xylene 

93 

93 

m-Xylene 

103 

103 

p-Xyl ene 

93 

9° 

aMinimum  detection  limit: 
0.004  mg/tube  front  half 

0.001  mg/tube  back  half 

bMinimum  detection  limit: 

0.0005 

mg/ tube 

In  some  in*  prices,  trip  blanks  were  submitted  for  analysis  to  determine 
the  decree  of  contamination  which  may  have  occurred  during  sample  transport, 
storage,  and  analysis.  In  each  case,  no  contaminants  were  detected,  thus  no 
data  correction  was  required. 

It  was  not  possible  to  collect  duplicates  of  the  NIOSH  1.300  samples  due 
to  the  variable  nature  of  the  sampling  process,  for  this  reason,  the 
precision  of  the  data  generated  could  not  he  determined. 

H.  MI  IE  ANALYSES 

The  accuracies  of  the  MM 5  analyses  were  assessed  by  determining  the 
Surrogate  icuuveries  from  each  of  the  spiked  samples.  The  samples  were 
spiked  with  four  to  six  of  the  following  surrogate  compounds: 

2-f 1 uorophenol  ,  phenol,  nitrobenzene,  2-fl uorobi phenyl  ,  2,4,6-tribromophenol 
and  terphenyl.  The  percent  recovery  of  surrogate  compounds  ranged  from  0  to 
135  percent,  as  shown  in  Table  0-5 .  The  accuracy  DQO  for  this  measurement 
was  50  to  140  percent  and  the  completeness  DQ  was  90  percent.  Of  the  4/ 
surrogates  tnat  were  analyzed,  13  percent  fell  outside  the  DQ  limits.  The 
completeness  for  this  measurement  is  therefore  87  percent,  which  is  slightly 
below  the  completeness  DQO. 

Trip  blanks  were  also  analyzed  to  determine  the  level  of  contamination 
which  nay  have  occurred  during  sample  transport,  storage,  and  analysis.  It 
was  found  that  no  contami nation  of  the  samples  occurred. 

It  was  not  possible  tc  collect  duplicates  of  the  MM5  samples  due  to  the 
variable  nature  of  the  sampling  process,  for  this  reason,  the  precision  of 
the  lata  generated  could  riot  be  determined. 


SEMIVOLATILE  ORGANIC  ANALYSIS:  MM5  SAMPLES 


